THIEME FLEXIBOOK 


Wemer Pfaizer 


Color Atlas of Human Anatomy, Vol. 1 

Locomotor System 





asic sciences 





Volume 1 


Locomotor System 


by 

Werner Platzer, M.D. 

Prafessor Emeritus 

Former Chairman, Institute for Anatomy 
University of Innsbruck 
innsbruck, Austria 

Doctor of Science 
Wake Forest University 
Winston-Salem 
North Carolina ( USA 

5th revised and enlarged édition 

215 color plates 

Illustrations by Gerhard Spitzer 


Tbieme 

Stuttgart ■ New York 



fv 


Eïbrary of Congres s Cûtûlogiogm-PutAicoUùn 
Data is avai labié from the publisher 

1 si Chinese édition 2000 
Ist Cieeh édition 1996 

1 st German (dition 19716 
2nd German édition 1978 
3rd German édition 1979 
4th German édition 1984 
!>t h German édition 1986 
6th German édition 1991 
7th German édition 1999 
8th German édition 2003 

Isr Lnjÿish édition 1978 
2nd English editkm 1984 
3id English édition 1986 
4rh Engiish édition 1992 

Ist Dutch édition 1978 
2nd Dutch édition 1981 
3rd Dutch édition 1990 
4lh IXitch édition 7000 
Ist Erench édition 1979 
2nd trench editton 1983 
3rd ftench édition 2001 
îst Creck édition 1985 
Ist Indonésien édition 1981 
2nd Indonésien édition 2000 
ist Italien édition 1979 
2nd itaZian édition 1987 
3rd Italien édition 2000 
Ist Japanese édition 1979 
2hdjapanese édition 1981 
3rdjapanese édition 1984 
dthjapanese édition 1990 
fit h japanesc édition 2002 
Ist l'olish édition 1998 
Isr Purtugctese édition 1988 
Ist Serbo-Croatian édition 1991 
1 st Spanish édition 1977 
2nd Spanish édition 1988 
3id Spanish édition 2001 
lstTurkish édition 1987 

This book is an authorized and revised trans¬ 
lation of The 7th German édition publislied 
and cupyrightcd 1999 by Ceorg Thieme W-rlag. 
SniTtgart, Germa ny. TiUe of Lbe German édi¬ 
tion: Taschenatlas der Anatomie, Band l : 
Bcwegungsa p pa rat 

Translater David B. Meyer, Ph.D-, 

Professor Ëmerim. Depl. Anatomy, 

Wayne State University, Detroit, Ml. USA 
(Parts from préviens Ënglish édition.! 

illustrations by Professer Gerhard Spitzer. 
with contributions by Stefa nie Cay. 

Lothar Schnellbacher and Stefan Spitzer 


Some of the prodoct names, patents and regis- 
tered designs refeired to in tbis book are in fact 
registered trademarks or propiïetary names 
even rheugh spécifie référencé to this fact is not 
always made in the texi. Therefore, îhe appear 
ance of a name without désignation as pro- 
pnefary is net to be constatée! as a représenta' 
Don by the publisher (luit it is in the publie 
domain. 

This book. induding ail pans rlrereof, is le- 
gally protected by copyright. Any use, exploita 
tion or commercial isation oui si de tbe narrow 
lîmits set by copyright législation, wi riront the 
publisher’s consent is illégal and liabte to pro- 
socunon. This appjies in particular to plrotoütat 
reproduction, copying. mimeographing or du¬ 
plication of any kind, translating, préparation of 
microfilms, and electronic data processif and 
storage. 


© 2004 Geürg Thieme Veriag 
Rüdigierstrafo 14* 70469 Stuttgart* Germa ny 
http://www.rhi eme.de 
Thieme New York* 333 Seventh Avenue. 

New York N.Y. 10C01 USA 
h ttp;//wwwx hieme.com 

Cover design; Cydus. Stuttgart 

Typesetting by Druckhaus Gotz GmbH, 

71636 Ludwigsburg 

Printed in Germany by R Stiirtz AG. Würzbuig 

ISBN 3*13-533305-1 (GTV) 

ISBN 1-5889&* 159-9 (TNY) 1 2 3 4 5 



V 


Doctors wi thout anatotny are like moles 
They work m the da rk 

And the result of their work is mounds of eanh 
Tïedemon 


Préfacé to the 5th English Edition of Volume t 

More rhan 10 years hâve passer] since the fourth édition of this volume was published Lt 
has since berome necessary to produce a compîetely revised new édition that takes into 
accourir the newest nomenclature* Rather than changing the tried and tested format, we 
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monographs* 
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many hours of discussion I am rnost grateful to my indefatigable assistants, Docent Dr. 
5. Poise/ and Dr. R. Pntz. 

I wish to tha nk Prof. A. Hoveffi» Mead of the Department of Radlological Anatomy of our ln- 
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am grateful to ail of them, First and foremost, thîs book is intended for medical studenis, 
but it wili aIso provide information on human morphology for the interested laymaa U 
there are a few mistakes of omission. 1 would appreciate suggestions and critidsm from ail 
my colleagues. 

Partïcular mention must be made, too, of Dr. h.c. G + Hauff and his assistants, notably 
A. Menge, lor their understanding and support, The publishers afforded ail possible aid to 
fu il lier production of thé book. 
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General Anat omy 


The Body 

Parts of the Body [A, B} 

The body is divided into the main part of 
the body (f rutile fn ibe wider sense) and the 
upjïer and lower limbs, exfremifies. The 
trunk is divided into the head, the neck, 
and the torso (mm Je m rfie narrower sense\ 
The torso ransists of the thorax. obdomen. 
and pelvis. 

The upper extnemity is joîned to the trunk 
hy the shoulder girdle and the lower ex- 
tremity by the pelvit girdle. The shonkier 
girdle consists of the cl avides (I) and the 
sca pu las (2), which lie on the trunk and 
move on it. The pelvic girdle. which con¬ 
sists of the two hip (coxal) bon es (3) and 
the sacrum (4), forms an integra! part of 
the trunk, 

General Ter ms (A-C) 

Principal Axes 

The lurTgJti;dind (vertical) axis, long axis (S) of 
the body, is vertical wheii the body is hdd in an 
uprighr posture. 

The fratisverst (horizon toi) axis [6) is perpendic- 
ular to Lhe Long axis and runs from teft to rigfrL 

The sqgjtfof axis (7) runs From the back to the 
front surface of the body in the direction of an 
arrow (sagittal) and is perpendicular to the otlier 
two axes. 

Principal Planes 

Medtou plane, the plane through the lon^rudinal 
axis and the sagittal axis; it is also called the me* 
dian sogirtul or nridsqgitosf plane (8). It divides 
the body into two almost equal halves, or on- 
tïmeres (hence also called plane of synonefiy). Il 
indu des the longitudinal and sagittal axes. 

.SVi^rrcjf or purafnçdiun plane (9), any plane 
which is paraliel to the médian sagittal plane. 

Frontal or corond plane (W). any plane which 
con tai ns the transverse and longitudinal axes 
and is paraliel to the forehead and perpendicular 
to the sagittal planes. 

ïraris verse planes {11 ) lie perpendicular to the 
sagittal planes and to the coronal planes They 


aie horizontal in the tipiïght posture and comain 
the sagittal and transverse axes. 

Directions fn Spate 

cramai toward the head (12) 

strperior - upward with the body créa {12) 

caudal - toward the buttocks {13) 

m/ertor- downwaid with the body erect (13) 

medrd-toward the middle, toward the médian 

plane (14) 

loferai-away from the middle, away from the 

médian plane (15} 

médius - in lhe midline (le) 

médian - in the médian pla i te 

deep fprofundus) - toward the inner body ( 17) 

peripheral. superfKial = toward the body surface 

<») 

rost rai -toward the rostrum (beak). toward a the 

oral and nasal région 

anterior= toward the front (19) 

ventral- toward the abdomen (19) 

postérieur- toward the back (20) 

dorsal - toward the back (20) 

proximal-toward the trunk (21) 

distal - farîher away from the trunk (22) 

afneijr - toward the ulna (23) 

radia 1 = toward the radius (24) 

ribial - toward the tibia (25) 

fibularm toward the fïbula (26) 

palimir fvolarj-on or toward the palm of lhe 

hand (27) 

plantar- on or toward the sole of lise foc* (28) 

Directions of Mowémert 

jTexkxî - rhe act of bending 
extension «> the act of straightening 
abduction=movement away from the médian 
plane 

adduction - movement toward rhe médian plane 
rotation = movement around an axis 
nrcumduction - cirai lar (rircumferential) move- 
ment 
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A General Anatomy 


The Cell {A} 

The s malles t living entity is the cell There 
arc unicellular organisms. protazoa, and 
multicellular organisms* mef azoo> Human 
cells range in size from fi to 200fini They 
live foi different lengths of rime. Same cells 
survive foi only a few days. e.g., granular 
leukocytes of the blond* and others survive 
dre whole of the human life span, e.g.. 
nerve cells. 

Cells differ in shape depending on their 
fu net ion (for example, muscle cells are 
elongated). 

Bach cell consists of tire cell body, cyto- 
plasm (1), and the nucléus, kuryoplosm [2). 
contai ni ng one or more nuefeofi (3). The 
nucléus is separated from the cytoplasm by 
the double membrane, mirieor envetope 

m 

Cytoplasm 

The cytoplasm is subdivided into or¬ 
gane! les, cytoskeleton, and cell inclu¬ 
sions. These structures are contained in a 
fkiid component, the cytasol. 

The cell membrane, plasma membrane or 
plasma Jemma (S), appears as a trilamellar 
structure in électron micrographs. The cell 
surface is irregu la r and may exhibit fine 
processes, micrwHti. The cell membrane is 
covered by a thick coat, the glycocalyx, of 
about 2ünm. The glycocalyx is species 
spécifie as well as cell-spécifie, thus facili- 
tating cell cell récognition. 

Organdi» 

The endoplûsmic retieufum [£/?) (6) consists 
of a System of iniertonnected cisterns; it 
may be granular (rough ER) (6) or agranu- 
iar (smooth BR T The rough ER has small 
granules, ribosomes, attached to the cyto¬ 
plasm ic si de of Us membrane. The ribo¬ 
somes are approximately 15-25 nm in 
diameter and are made up of ribonucîeic 
acid and protêtn molécules. The rough HR is 
tnvolved in protêt n synthesis. while the 
smooth ER fui fi lis va nous other functions 


(it play s a rôle, for example, in lipid metab- 
olism of hépatocytes), 

fhe mi roche nôria (7) are of spécial impor¬ 
tance as they provide the cell with energy, 
They are long flexible, rod-shaped or¬ 
gane II es which move about in the cyto¬ 
plasme ibey vary in number and size dé¬ 
pend! ng on the type and functîonal state of 
the cell. 

The Golgi apparatus (8) consists of several 
dicfyosomes* or CoJgi stocks. Bach dictyo- 
some consists of a stack of disc-shaped cis- 
tems. The Golgi apparatus is rcsponsible 
the formation and supplémentation of tlu 1 
glycocalyx but is also involved in the syn- 
thesïs and modification of carboliydrates 
and polypeptides produced in the ER. 

Other organelles are the Jysosomes (9) and 
peroxisomes (microbodies). 

Cytoskeleton 

The cytoskeleton consists of mferorubufes 
[including the cent noies, 10. and baser! heu¬ 
res), ocriii /ïtomentt (microfilaments), and 
various cell-spécifie mtermediate/ïlomrntt. 
The two centriotes usually lie near the nu¬ 
cléus: together with the speciaïized cyto¬ 
plasm surrounding them, the centroptasm, 
they form the centrosome [microtubule-or- 
ganizing center). The cytoskeleton plays a 
major rôle in cell move ment as well as in- 
tracellular movement (see page 6). 

Cell Inclusions 

ïhese include ribosomes, Irpids {H), glyco- 
gen (12). pigments [13}, crystats. and other 
insoluble comportants. 
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6 General Anatomy: The Cell 


Cefl Nucléus (A, B) 

The nucléus (A), karyoplasm. fs essential 
for the lïfe of the cell. Ils si?e does dépend 
on the sÎ7e of the cell Normally cells 
possess one or more nuclei. The nucléus is 
usually visible in Itving cells because il is 
more reFractive than the cytoplasm; il is 
séparated from the cytoplasm by the déli¬ 
cate biréfringent nuclear membrane (1). 
Upon fixation, a network-like structure, 
cfiromcffn (2). becomes visible in the inter- 
phase nucléus [resting nucléus between 
celï divisions). The chromatin car ries the 
ge nette material: it condenses in the divtd- 
ing nurfeus to Form the chromosomes. 

The mi no nucléus. nucteo/us (1). consista of pro¬ 
vins and is rkh in ribonudeic acid [RNAT The 
nttmbcr and size of the nudeuli varies a great 
deal among different cells. In the cdls of females, 
earh active nucléus ton tains a clump of chro¬ 
mât tit {Bai r body). the sex chramatta [4}, which is 
attachcd to the nudear membrane or the nudeo- 
tos. IL is used to détermine the sex of a rdl and 
henco of an individual. The sex chromatin is par- 
ticolarty easy to see in white blood cells 
(granulocytes) where it assumes lhe shape of a 
drumstick. In oïdei to make the diagnosis of 
female sex, al least G drumsticks must beseen in 
500 granulocytes. 

Vital Cell Fu net ions {C—H) 

Every cell dispiays met abolir aelivity which can 
be divided into srrucfunif meruboftsin and 
futictionai mefcbo/îsni. Structural metabolism is 
the ability of a cell to assimilate ingested mate 
rial to build up cellular structures, while 
funct tonal metabolism sortes cellular funetions* 

The uptake of particular material is called 
p/jffgDcyrosjs, thaï of liquida pinocyffôis. The re 
Icase of substances by glandular cells is called 
secrctibn. The sum of oxïdative processes within 
the cdt is called edf respiration. 

Arnong cellular nKtvemeiils. the Qtopfcrsmic 
mweroerct is the most important one and in- 
cludes mevements of mitochondria, veskles.and 
inclusions. More pmnounced movements occur 
durlng each cell division. The cells rhemselves 
move by ünieboid movemenf ïnitiated by cyto- 
ptasmic processes called pseudopodia, Ameboid 
move ment is espedally pronounced in white 


blood cdb (such as granulocytes and mono¬ 
cytes). Certain cells move by means of nïru, or 
fcmorifia. which anse from basal bodïes fkineto- 
somes). When joined together, ciliated cells form 
a tilkted epithelium and croate ciliary movement, 
A cell with only one prominent cilium(/fcypefliim) 
is called aflageHated aHl 

Reproduction of cells takes place by cell division. 
We distinguish between mitüïis. metosb. and 
ümifuitt Fach cell division requires division of 
the nudeus. The interphase nudeus changes into 
the dividing nudeus. and the chromosomes bc- 
come visible and perform characteristic move- 
ments (ka/yofeinesis} roward the two pôles of rhe 
mftofir spind/c. 

The procès s of mttasis is subdivided into 
different phases, namely. propose (C), 
jMWiKfcfpftase (D), mefûphose(E}, amphase 
(F, C). and fefopftase (H). The nuclei of the 
two daughter cells are subséquent ly reor- 
ganized into interphase nuclei (recünsrnjc 
fton phrase). 

During meiosis (reducrioitaf division) the 
ruimber of chromosomes per cell is re- 
duced by ha If from the diploid to the ha- 
ploid complément. The réduction takes 
place in both male and female germ cells 
during the ftrst [or second) meiotic divi¬ 
sion and ts required in préparation for 
fertilisation. 

During amitosis [direct micfctrr division) 
the nucléus is divided by simple cleavage 
without chromosomal condensation and 
without the formation of a mitotie spindle. 
The distribution of chromosomes is there 
fore at random. The nuclear division may 
or may not be foliowed by division of tire 
cytoplasm. 

Fbr more details, see HrêfDfqgTe, Zytolpgie und 
MijkrïXïrïtitcimie des Afe-r^idirn by leonliardl. Il, 
8th édition. Thieme. Stungarr. 1990; 
TaschenatJas der Zymlogie. Histologie urïd 
mîkmskopischen Anatomie by Kühnel, W. h llth 
édition, Thïeme. Stuttgart, 2002. 
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A Cdl nueleus k * 1 1 000; eiet ti on micro 
graph 


/ ù 


L S -£> 


B White blood eelk with sex chro- 
matin attached to the segnrwnied 
nucléus. *1000 
(Figs A and B taken from Leon 
hardi. H.: Human Histology 
and Cyl ology. B th Ed. T hieme, 
Stuttgart 1990) 






C-H Diaqramofmitosis 

(fromIfonhardt, H,: Human Histology. 
Cytology. and Min roanatomy, 

Sth Ed.Thieme, Stuttgart 1990) 
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Tissu es 

TLssues are aggregations of simüorly differ- 
entioted cetls and their denvoriws. Several 
tissues tnay be associated to fomi an 
organ. The rranner in which different cells 
are assoeiated détermines the different 
types of tissues. A more commun system of 
classifying tissues is hased not on the mari¬ 
ner of association of cells but on their his- 
tological structure and physioJogrcal func- 
lions. Epithelial, support îve, and muscu- 
lar tissues are described in this volume. 
Nervous tissue is discussed in volume 3* 

Epïthelïa (A-G) 

Epithelial tissues are associations of closeîy 
adjoining cells. They can be dassified ac- 
cording to fiuirtion, as well as ro the or¬ 
ganisation and shape of their épithélial 
cells. 

On the basis of their functions. superficial, 
glandular and sensory epithelia can be dis- 
tinguished. Superficial epithelium is, flrst of 
ail. a protective epithelium whicb for ms a 
covering over the extemal and internai 
body surfaces and preveuts bacteria from 
ente ring the body or the body from drying 
up, Moreuvcr, the epithelia. for example, 
the secretory «nd obsorpriue types, bring 
about the exchange of materials, that is, 
they can. on the one hand, take up sub¬ 
stances (absorption) and. on the other 
hand, eliminate different substances 
(sécrétion). Epithelial tissue aise takes up 
stimulï. This réception of stimuli takes 
place in superfidal epithelium in which 
different, specialized epithelia! cells be- 
come induced. 

CldiHÎuIar epithelium represems ail épithélial cells 
which fomi a sécrétion and releasc ir ro an exter¬ 
ri al or internai surface by an excrerory duct (ern- 
craie glands) or release il dinectly into the vascu- 
!ar system as a hormone (cndocr'ne gland*). 

Exocrine glands can be dassified as enrfo- 
tpithetiuf oc exoepttheüai depending upon their 
relationship to the superficial epithelium. 
Ukewise. thèse glands can be dtvided into te¬ 
rrine. apocrine and hofomne glands on the basis 
of the amount and manner of their sécrétions. 


Eccnnc cdls are always ready to seaete and 
occur wjfhin the respiratocy. digestive and géni¬ 
tal tracts (see vol. 2\ Apocrinc glands are icpre- 
sented by the mammary and the odorifemus, 
axiflary sweat glands; bolocrine glands are rep- 
rtsented by the sebaceous glands. 

The sensory epithelia represent spécial- 
ized epithelia with i n the individu^] sensc 
organs and arc distussed with tbem* 

AU epithelia rest on a basement membrane 
(bosûf membrane) which represent s the bound- 
ary layer to the underiying connective tissue. 

On the basis of their organizatton, 
epithelia can be divided into simple ( single- 
layered. A, B* C), stratifiée! (multilayered, D), 
or pseudostratified (F) epithelia. In the 
stratified epithelium only tlte deepest layet 
of cells makes contact with the basemcnl 
membrane, whereas in the pseudo- 
stratified epithelium a 11 cells contact the 
basement membrane, but not ail the cells 
reach the surface. 

On the basis of the shape of the épithelial 
cells. epithelia can be cLissified as 
squamous (A), cuhotdal (B), or culumnar (C) 
epithelia. 

Squamous epithelium, a markedly protective 
epithelium, can be nonkeratmized or keratmized 
The epithelium of the skin h keratinized 
squammis epithelium, whereas nonkeraiinized 
squamous epithelium (E) is faund in parts tif the 
tnner surfaces of rhe body which are parti ni lady 
vulnérable to mechanical stress, for cxamplc, Jhe 
oral cavity. Simple nonkeratinized squamous 
epithelium consists of attenuated, pavcnwmt- 
like cells which ïnclude serous membranes (me- 
sothdiuni j and the li oing epithelium ofbluod and 
lymphatic vessels (endothélium), Columnar and 
cuboidal cells can possess processes, cilia. in 
which case one can speak of a trluted epithelium 
(F), for example, that which Unes the respira tory 
tract. 

Cuboidal and columnar epithelia possess 
secretory and absorptive properlies. They are 
found, for example, in the rénal tabules 
(cuboidal) and in rhe intestinal tract (columnar). 
TransUianal epithelium (G) is a spécial form of 
epithelium. 1rs cells can adapt themselves to 
different conditions of tension (distension and 
contraction) and make up the epithelium which 
Unes the efferent urinary trace 
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A Siniple $c|ittiiHnn. rpil hélium 
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fi Simple cuboidal cpflhHïum 
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General Anatomy: Tissu es 


Connective Tissue and 
Supporting Tissues 

These lissues cou si g of complex combinations of 
colis* indudipg fïxed aix) free Cfüs, and înler* 
cellular substance |tx? fixed colis aie named ac- 
cording lo the type of tissue, for example. con¬ 
nective tissue ecib. cartilage cells, bone cells* etc. 
The inteicdlular substance fn mature supporting 
t issue consista of ground substance and différent 
tiated fibers. 

Sonne of the principal types are: 

Connective tîssue: emlxyonic, retscular, inierstî- 
tial, and rigjd connective t issue and fatty 
(adipose) tissue. 

Cartilage t issue: hyaline, elastic, and fi brous car¬ 
tilage. 

Bone. 

Connective Tissue (A, B) 

In addition to fïxed and free cells, the in terre llu- 
lar substance contains reticular, collagen, and 
elastic libers, ground substance, proteoglycans 
andi gtycoproteins. 

Fixed ceits: Fibrocytes (tüghly branched cells; 
their precursors, the fibroblasu are able ta pro¬ 
duce interceltular substance and fibers), 

mesenchyuial cells, réticulum cefls, pigment 
cells. and fat cells. 

Free cells: histiocytes (polymorphie œlls), mast 
cdls (capable of amcbaid movemenr) and* less 
commonly, lymphocytes, plasma cells, mono¬ 
cytes, and granulocytes. 

The intercellular substance contains fibers—te- 
flculnr flfltticej /ïbers-whïch resemble collagen 
in their structure (see befow). They form fiber 
networks around capillaiies, in basement menv 
branesraroundrenaltubules.and elsewhere.The 
second grau p of Cûfldgen fibers consi si of fibniis 
held together by an amorphous adhesive sub¬ 
stance. They are found in ail kïnds of supporting 
tissues. They are wavy. almost unstietchable and 
always oecur grauped in blindiez Tlüs type é 
found particularly in tendons, the tympanic 
membrane, etc. Different types ofcollagen (1 and 
NI) are found in connective tissue. and these are 
dépendent on the structure of the collagen 
molécules, final!y. there are the (yelfowish jetas- 
rtc fibers, which are also arranged in networks. 
They octur in arteries near the heart. certain 


ligaments (Ugamenta flava, sec pi 56) and ebe- 
wbere, The intercellular substance also intfudes 
the ground substance, which is pan] y pniduced 
by ihc tissue cells, It is involved in ihe exchange 
of ma tenais between tissue cells and the blood. 

kmbryonk connective tissue: contains 
mesenchymal cells and the most Important type 
is mesenchyme, 

Retkular connective tissue (A) contains reiieu- 
Lar fibers and irtfrufor cdb which are able tu 
phagocytize and store materiaL They hâve a re- 
maikably active metabolism. Itiis type of con¬ 
nective tissue can be divided into lytnphvretku 
lur (in lymph codes, etc.) a:td myetaref frittai' 
(bone marrow} connective tissue. 

Interstitial connective tissue is a louse tissue 
with no particuiar structure. Its main purpose is 
io fi 11 gaps between individual structures 
(muscles, etc) and it also fonms a displacemenl 
layer. In addition to these fonctions, imcrsiilial 
connective tissue takes part in general nÆiabo 
listn and régénération. As well as cells (fibro¬ 
cytes, fat tells) it contains collagen, elastic aiïd 
latttce fibers, and ground substance. 

Rigid connective tissue (B) contains a high pro¬ 
portion of collagen fibers and fewer cells and less 
ground substance than interstilial connective 
tissue U is found in the pal mai and plantai' 
aponeu roses, in tendons, etc, 

Fat|y tissue contains large cells with a flatrened 
nucléus lying at the cell margin. Mono vaeitolar 
white fatty (adipose) tissue shuuld be dislin- 
gubhed from ptariirçicüotar hrown fat . The larter 
is more common in infants rhan in aduIls, e,g., in 
the fatty capsule around the kidney. In addition 
to fat cells. it contains interslitial connective 
[issue and shows some lobular structure. Thère is 
storage fatty tissue, which is dépendent on the 
nutntional State, and structural fatty tissue. 
whkh is independent of nutrition. The latter oc- 
curs in joints, bone marrow. the far pads in the 
dteeks. etc. The storage type is most commun in 
the su hait an eo us fat layer, It is broken down ac- 
cording co requirements and the cells take nn the 
form of reticular cells. After very marked weighr 
loss (cachexiaji their cytoplasm fills üp with 
fluidserous far cells. 
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A RetkuUi connective tfcsue, ** 300 



B üen^conneclh^tiSMieinthecoriurri ( «3(]0 
(Figs. A and Ë taken fmm Leenhardt H.: 
Human Histology, Cytdogy, and Micro 
anatomy. 8 th Ed.Ttwnc. Stuttgart 1990) 
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Cartilage (A-C) 

Ejj Cartilage is compressible as well as flex- 
|| ible, yet résistant to pressure and to bend- 
S, îng. a nd soft e nough to be eut. It consi sts of 

■* . cells and intercellular substance, which is 
almost free of vessels and nerves* The na- 
$ tune of tlie intercellular substance déter¬ 
mines the ty|>e of cartilage, which can be 
subdivided into hyaline, elastic, and 
fibrous forms. 

Cartilage cells. chondrocytes, are fïxed ce Ils 
rich in waler. glycogen, and fatThey hâve a 
vesicular appearanoe, a spherical shape 
and a similarly shaped nucléus. The inter- 
ce/Julor substance, which is very hch in 
water (up to 70%}. forms the basis of the 
protective function of cartilâge. Cartilage is 
almost avascular and free of nerves: it is 
fornied of fibrils or fibers and an amor- 
phous ground substance containing pro- 
teoglycans. gtycoproteins, lipids. and élec¬ 
trolytes. 

Hyaline Cartilage (A) 

Hyaline cartilage is sïightly bluish and 
milky and contai ns abondant coîlagenous 
fibrils and scattered elastic networks 
within its intercellular substance* In artitu- 
lar cartilage, the coîlagenous fibrils always 
course in the direction of the strongest 
stress. The cells occupying the car- 
tilaginous lacunae are sunrounded by a 
capsule which is separated from the re 
maining intercellular substance by the 
cellhtor ftû/o.The cells. which can be organ- 
ized more or less into rows or columns 
(p. 16), form. logether with the cellular 
halo, a diondrone or tcmtoty. In this case it 
always concerns several daughter cells 
arising from one ce IL Extemally. the car 
tliage is surrounded by a connective tissue 
covering, the peritfiondrït/tfî. which blends 
into the cartilage more or less continu- 
ously. 

Hyaline cartilage ex pose d to pressure 
(joint surfaces at the lower limb) contai ns 
more glycosaminpglycans (chondroitin 
sulfate) than less stressed hyaline cartilage 
(enjoint surfaces of the upper Limb}. 


The lack of suffit ient blood vessels may 
favor dégénérât ive processes inside rl>e 
cartilage, Thcse are iniiiated by the ri un- 
masktng” of coîlagenous fibers. Le., the col- 
iagenous fibrils become visible in the mi¬ 
croscope. Since the content of water and 
chrondroitin sulfate detrcases with âge, 
rhe stress capacity of hyaline (articulai) 
cartilage decreases. 

Calcification of hyaline cartilage otturs 
very eariy in life. 

Hyaline cartilage is found in joint cartilage, 
and ri b cartilage, in respira tory tract car¬ 
tilage. in epiphysial disks and in tlie pre- 
cursors of those parts of the skeleton that 
undergo chondral ossification. Epiphysial 
disk cartilage contai ns columns or rows of 
cartilage cells. a structure which enabtes 
growrh of cartilage (p. 16} and sub¬ 
séquent ly of the bone that follows il. 

Elastic Cartilage (B} 

In contrast to the bluish hyaline cartilage, 
elastic cartilage is yelîowish în color. Its in- 
tertellular substance is rich in elastic fibers 
and contains fewer collagen fibrils. Tîte 
large proportion of elastic fibers makes this 
type of cartilage panicularly pliable and 
elastic. It does not conta in calcjfied 
deposits. It is found in the auritle, the 
epiglottis, etc. 

Fibrous Cartilage (C) 

Fibrous cartilage, also known as connective 
tissue cartilage, contains fewer cells titan 
the other types but has many bundles of 
coiiagen fibers . ît is found panicularly in 
parts of the intervertébral disks (p. 54) and 
of the symphysis pubis (p. 22). 
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A Hyalî ne t art liage (rib ta rtilage), 
*1S0 


B Mastic cartilage (ear cartilage), 
«ISO 


C Fibrocartilage (intervertébral 
disk), x 1 &0 

(Figs. A-C ta ken from Leenhardt, 
H.: Heman Htstology. Cytology, 
and Microanatomy, S th Ed. 
Thieme, Stuttgart 1990) 





Î4 General Analorrty: Tissue 


Bone (A—B) 

Bone tissue (osseous tissue) consists of 
boues celfs (ostéocytes), ground substance* 
cottagerious fibrik. a cernent substance, and 
different soifs. The ground substance and 
collagenous fibrils form the intercellular 
substance, the osfeoid. The fibrils belong to 
rhe organic part, the salts to the inorganic 
part. The most important salts are calcium 
phosphate* magnésium phosphate, and 
calcium carbonate* In addition. compounds 
of calcium, potassium, and sodium with 
chlorine and fluorine are also found. 

Ihe salts confer ha rd nés s and strength. A 
salt-free or “decatcifted* bone Is pliable, A 
deficiency in calcification can resuît from a 
lack of vitamins* as well as from hormonal 
disturbances. A lack of vitamins can anse, 
for example, when there is an absence of 
ultraviolet irradiation to the body resulting 
in a failure to couvert provitamins into vj- 
ta mi rts* Inadéquate calcification Jeads to a 
softening of the bone, e.g,, in rickets* 

The organic constituants, like the salts, are 
also responsible for the strength of a bone. 
When îIhtc is inadéquate organic mate rial, 
the elasticlty of the bone is lost, and as a re¬ 
suit the bone becomes briltle and can no 
longer handle stress* The relationship be- 
tween ïnorganic salts and collagenous fi- 
briïs becomes altered during life. In the 
newborn the content of inorganic salts 
amouats to about 5Û% and ri ses to lü% in 
the ctderty along with a loss of eïasticity, 
i.e*. flexibility and résistance to shock 
decrease. Destruction of the organic matter 
can also be attained artifiriaîly by the use 
of heat 

Two types of bone can be distinguished on 
the hasts of the arrangement of ifs fibrils: 
wovcfi bone (reticulated) and lametlar 
boue Nonlamellar. woven bone corre¬ 
sponds structuralty to ossified connective 
tissue and in humans prïmarily otcurs onîy 
during development. In the adult it is 
found only in the capsule of the inner ear 
and adjoining tlie sutures of the cranial 
bones. 


Ihe subsrantially more common and more 
important la me lia r bones (A~B) exhibit a 
distinct stratification produced by Layers of 
parai le brun oing collagenous fibrils which 
are designated as tameftae (IX These 
lamellae al tomate with layers of ostéocytes 
(2). The lame llar arrangement takes place 
a round a vascuLar canal, the centrât canot, 
or ha version canot (3), which, together 
with its lamellae, constitues an asteon or 
froversibn System (A), The collagenous 
fibers are about 2-3 pm thick and are ar- 
ranged spiral ly in such a way that a right 
(4) and a left spiral (S) lameïla (5-lÜpm 
thick) appear alternately with one another, 
Chus bringing about an încrease in stability. 

Between the osteons are intersfrfiat 
latrtelltte (6) which represent tlte remains 
of previous osteons. The vascular canaïs in 
the osteons are in communication with 
smalter oblique «mais, the so called 
Vbffcmonn's canots (7)* The structure and 
the organization of tbe osteons are de 
pendent on the stress of the bone, When 
there js a change in stress, the osteons be 
corne reconstructed, as evidenced lry mac¬ 
roscopie observation. In this case, attention 
should be especially paid to the behavior, 
within the fémur, of the myeerories, the 
Unes of tension, which are developed in re- 
sponse to the stresses, 

The nourishment of bone takes place fmm 
the periosteum (p* 20 )l Bone marrow is 
nourished via the nutrient fora mina 
(nutrient arteriesX 
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A Haveman System (oslcon). * 4dG 
In lliet enter a twvêrcwr i vevset 
with pci ivase l iât c onnec Uve1 jsw 
(from Leenhardt, H. J luman HistCîl 
oçy t Cytdogy, and Microanatorny» 
Blli Ld. ThN-ine. Stuttgart 199€) 




Diagram of the compact part 
nf the tfiaphysis ci a long bune 
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16 Central Anatomy: Tissue 



Development of Boue (A—C) 

Roue formation (osteqgmcsfe) is based on lhe ac- 
liviiy of usrrah/usts (1} which arc spécial ized 
mewndiymal cells. Ostéoblaste seeretc an intei- 
cellular substance. îhe osieoid. which consi sis 
initial ly of sofl grouild substance and collagen 
fi bers, Osieoblasis deveiop imo ostéocytes, the 
definitive ho ne tells. Al the sanie lime miilfinu- 
cleated osriwfosfs (2) develop; these bone-de- 
grading cclls aie? assort a ted with the absorption 
and remodeling of bone, 

Wt distirguish direct fione formation (wtromem- 
bramus oszifkutiun) (AJ fmm indirect boue for 
mut ion (itiendrai Dssi/ïcuriDuJ (B t C), 

Intraniembranous ossification, osfeo- 
genesis mernfjrfmaceo (A), is the develop¬ 
ment of bone from connective tissue, The 
fat ter conta ms many mesenchymai cells 
which develop via osreoblasts (1) înto 
ostéocytes. At the sanie rime, osteodasts 
(2) deveïop and collagen hbers aïso appear. 
The original bone is a membrane bone and 
is later remodeled into laniellar bone, The 
skull cap, the facial bones, and the clavîdcs 
develop as intramembranous Icônes, 

Chondrat ossification, osreogenesis car- 
rilugmea ( B, C), requires preformed parts of 
skelétal cartilage (cartilage models) which 
will then become replaced bone. 
Growth is possible orly as long as cartilage 
still rem a ins, Prerequisite for replacement 
l}one formation is the présence of chonâro- 
clasts\ these are differentiated connective 
tissue cells that dégradé cartilage and thus 
enable the osteoblasts to form bone, Two 
types of replacement bone formation are 
lecognized-cndochondra/ (C) and perf- 
cfiondrtif ossÿïcûrion. 

Ettdodîondraf osstficcirion [3] begins inside the 
cartilage, and ûccurs prédominanUy in the 
epiphyses, The epiphyses are the ends of the long 
bon es (see p.20), while the shafts are called 
dkipfiyses. Ptirrhondral ossi/ïrarion {4}, which 
originales in the perithondrium fS]U is confined 
to the diaphysis, The rpipbysipf disk (growth 
plate} (G), which is necessary for growth in 
length, forms a layer between the epïphysis and 
the diaphysis. That pan of the shaft adjacent to 
the epiphysiai disk is called the metapft>sis and 
deveîops fïrst on ar endochondral toasis [see 
below). 


WtKhin the epiphysial cartilage, lhe processes of 
ossification oecur in *eparatc zones. In the 
epiphysis then, 1 is the zone uf nr.verve cürfüqge, a 
capping of hyaline cartilage thaï is nnt aftecied 
by hone formation in the epiphysial plate. Nexl 
to this inactive cartilage is the zone vf gnwfft (7) 
wheie the cartilage Cdls form columns. Here the 
cartilage tells divide, thus intitasmg in num- 
ber.The next (ayer doser to the shah is lhe zone 
of nmturutkm (SJ; it cor tains vesfcular cartilage 1 , 
and calcification is already Occurring. H is foi- 
lowed by the aune of ossification where cartilage 
is degraded hy chondrodasts and replaced wilh 
bone hy osteoblasts. Some remuants of cartilage 
remain. so that the endochondral bone (9) d the 
diaphysis can ht üislinguisltcd fmm the peri- 
chondral bone. It will later be replaced by peri- 
chondral bone. The endochondral bone is de 
strayed by the mvading OMroclasts. 

The intrease in bone diameter in the région of 
the diaphysis is brought ahout by déposition ol 
new bony material on the outer surface beneath 
the cellular layer of the j>eriosieiim. The houe 
marToiv ctivrty (10) becames larger as a resuit of 
bone destruction, Ail growth processes are regu- 
Eated by hormones, 

The bony aniagen in the epiphyses first appear 
al ter birtti. PKCept for those in the distal tcir.oral 
cptphysis and the prooLimal tibial cpiphysîs. in 
bot h of these epiphyses, and in the cuboid bone, 
osteogenesis begins just befoR 1 hirth in the tenth 
in [faute ri ne mûnth (a sign of marurity^ 

Ginital Tip: After closure of the epiphysiai 
disk X-rays show a fine fine, later. in adolescence, 
known as the epiphysial disk sear. 
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a lui i m ihinbranou) utmilion 
9 



_ luindul nwlicaluxi ol .1 liiutj boni* 
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General Anatomy; Us sue 


Muscular Tissue (A—O) 

Muscular tissue is charatterized by elon- 
gated relis contai ni Kg myofibrils forme d 
ïrom myofitamenrs. These myofibrils arc 
responsibïe for the contractai ty of tiw 
muscle cells. Three types of muscular 
tissue can be distinguished on the basis of 
fine structure and physiological clwac- 
teristics: smooth (A), striated (B, D) and 
cardiac muscle (C). 

Smooth Musde (A) 

Smooth muscle consista of spindle-shaped 
cells. each heing 40-200 pm long and 
4-20 pm thick, with a central nucléus, 
These myofibrils are djffirult to demon- 
strate and do not hâve transverse stria¬ 
tions. Ira ns verse reticular fibers join adja¬ 
cent muscle cells and bind groups into 
functionat units. Smooth muscle îs not 
under voïuntary control: axons synapse 
dire et ty with the muscle cells (see vol 3). 

Hormonal influences nuy cause smooth muscle 
to increase in length and ta proliferate. Le*. there 
may not anty lw an mcreasc in the size of the 
cells but cells may alsû be ncwly forroed. An ex¬ 
ample is the utérus, lhe musde fibers of which 
may reach a length of 800 jim. 

Striated Musde (B, D) 

Striated muscle consiste of muscle cells 
(muscle fibers J which may be 10-100 pm 
thick and up to 15 on long. The nuclei lie 
immediately beueath the surface of the 
cells in the direction of the long axis of the 
muscle fïbei's. lhe myofibrils are easiiy vis¬ 
ible and are responsibïe for the longitudi¬ 
nal striations. The Transverse striations are 
due to the periodic alternation of smaller. 
lighter, singly refractive (isotropie) zones (1 
bands) and wider, darker, double-refractive 
(anisotropic) zones (A bands)i The A bands 
contain a light zone (H band) with a fine, 
dark middte. line (M band) T and rhe 1 bands 
show a délicate, anisotnopic intermédiare 
line (Z band). The myofibrillar segment 
which lies between tvvo Z bands is called a 
sarcomere. 


Each s ke létal muscle ceïî conta ins se ver al 
nuclei The cytoplasm (screoptasm) con- 
tains a variable number of niitochondria 
(sorcosomes), According to their fonction. a 
distinction is made between fwifeh muscle 
fibers and fonir musde Fibers, The twitch 
musde fibers in du de red (fast twitch) 
musde fibers with high rnypglobin and mi 
Eochondria content (for long-terrn stress 
performance) and white musde fibers 
with high myofibril content (for short- 
term maximum stress performance), 

lhe color ot a muscle is due to 1rs hloud supply 
and the myoglobin in solution in the sarcopte au. 
In addition, the color is determined also by the 
Mater content and the abondance ot fibrils. ïhis 
expia ins why di fièrent muscles difier in color. 
Thinner fibers with less fihrils and water content 
aie light in color, while thicker fibers appear 
darker, 

lhe smcofemma encloses individuel muscle 
fibers as a connective tissue sheath. lhere is a 
délicate layer of connective tissue, lhe endorrty- 
sium, between the fibers, Several muscle fibers 
are surrounded hy the iiiteniüf périmysium. and 
tqgcther they fbrm the primary muscle bundle 
(hscidr) 

The exttmof périmysium is a connective tissue 
layer which combines several primai y bundles 
to form a muscle. 

Striated skeletaJ muscles are vûluntary muscles, 
and they are ïnnervated via mol or endplates 
[neuromiiscular junc lions) {see vol. 3), 

Striated Cardiac Muscle (C) 

The musde fibers of the beart contai n a 
large amount of sairoplasm and form net 
Works. Transveise striations are présent, 
but the sarcomeres are shorter and the 1 
band is narnower than in skeleta! musde. 
In cardiac muscle fibers The nuclei lie cen 
tralty. Sortosomes are far more numerous 
than in skeletal muscle. In addition, cardiac 
muscle tissue contai ns highly refractile. 
transverse interenfared disks, which lie at 
the position of a Z band. Further details aie 
given in volume Z 
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General A n atonry 


General Features 
of the Skeleton 

Classification of Bones (A—F) 

The boues form the bony skeleton, and 
wirh the joints, rhey teprésent the passive 
locomotor system which is controlled by 
the active locomotor apparatus, the 
musculature. The different shapes of bones 
aie dépendent on thelr fonction and their 
position in the bcdy. Macrostopically two 
differently constructed portions can be 
distinguished. A rat lier dense compact or 
corfico/ bone (1) is general 1y observed on 
the surface. Within the short and Hat boues 
and in the epiphyses and metaphyses of 
flie long bones, there is a spongeiike mesh- 
work formed of individual lx>ny trabeculae, 
frabecidar or spopgy bone (2), Between the 
meshes is rhe Ixme mamow or niedulla. |n 
the fiat bones of the skull. the compact 
materiat is called the extern al (3) and infer¬ 
nal (4) fa mina e and in between them is the 
drptoe (S), correspondis to the spongy 
bone. 

Long Bones (À-C) 

A long bone as. For instance, the humérus 
(A), consists of a body (6) and two ends (71 
In the center of the shaft (body) of a long 
ïjone (B, C) is the bone marrow or medid- 
tory cavity (8). which tontains red or yel- 
low bone marrow. This cavity is rhe reason 
for the name “tubular bones." Tubuiar 
bones grow mainty in one direction. 

Fiat Boues (P) 

Fiat bones consist of two layers of compact 
Ixine between which there may be found 
spongy material. Rat bones include the 
scapula and several bones of the skuil, e.g., 
the pariétal bone CD). Basicaliy, growth in 
Hat bones proceeds in two main directions. 

Short Bones {£) 

The short bones, which indu de, for in¬ 
stance, the small bones of the wrist (e.g,, 
tlie capitate bone [E]), hâve a spongy core 
surrounded by compact bone. 


{(régulât Bones 

These include ali those boites, such as 
verte brae, which do not beJüpg to any of 
the preceding groups, 

Pneumatized Bones (F) 

These boues conta in air-filled cavities lined 
by mucous membrane (9), fhey are found 
in rhe skull (etbmoid, maxilla |Ff etc,). 

Sesamoid Bones 

These mostly oceur in the skeleton of the 
hands and feet. They may also be found in 
tendons, e.g.. rhe patetto^ the largest 
sesamoid bone in tbe body. 

Periosteum 

The periosteum covers a U parts of the 
bone which are not joint surfaces. ït con- 
sists of a fihrous loyer and an osteogfinetic 
loyer forming the cambium layer. ït con¬ 
tai ns many blood and lymph vessels and 
nerves. The latter aecount for the pain feït 
aftera btow to a bone. laiger bïood vessels 
in the outer layer send mimerons capillar- 
ies to the inner celJ-rich layer. This is the 
sire of rhe osreobîasts, which buiïrï up 
bone. After fractures, formation of new 
bone starts in the periosteum 

Blood vessels and nerves reach the bone 
through nu trient foramina. Some bones 
hâve canais which also serve for the pas¬ 
sage of vessels. usualiy only veins, which 
are known as emissary veins, They are 
found, for example, in the vauitof the skull. 
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22 General Anatomy: General Features of the Stelgon 



Joints between Bones 

The indjvidual bones of the skeleton are 
connected cither conf/mtous/y or âiscon- 
fmuûusfy, Continuous bony joints comprise 
the large group of synarthroses, in winch 
Iwo bones are joined direrHy by varions 
tissues. 

Continuous joints between Bones 
(A-H) 

FJbrous joint (A-E) SyndesmosB 

In a syndesmosis two bones are joined by 
collage nous or elastic connective tissue, 
The union may be expansive or narrow. 
The interosseow membrane (Al) în the 
fbrearm is a veiy taut syndesmosis eon- 
sisting of collagenous connective tissue. 
More elastic syndesmoses are the figû- 
menta fîava l>eiween the vertébral arrhes. 

The sutures of the skull are a particular 
type of syndesmosis (B, C, D, F). These su¬ 
tures rctain connective tissue, which has 
persisted betvveen the bones developing 
front connective tissue. Onfy when the 
connective tissue has completely disap- 
peared does the growih of the skull cease 
and the sutures fuse. The sutures of the 
skull are dassified according to their 
shape: serra te suture (B) with sawlïke 
edges, as in the sagittal suture; s quamous 
suture (C, D) where one bone overfaps 
another, as between the pariétal bone and 
the temporal bone; and last, plane suture 
(E) as between the nasal bones, 

A spedatized type of fibrous joint is the 
gomphosis, a peg-and-sockel joint found 
in the fixation of the teeth in the alveoli of 
the jaw. Here, the tooth is joined to the jaw 
by connective tissue which permits a slight 
degree of dis placement 


cptp/jystnf disks. Hyaline cartilage material 
is also présent betvveen the fïrst sixth, and 
se vent h ribs and the sternum. The car- 
tif agi nous material disappeais (rom thosc 
sites where it only permits growih. 
Epiphysial disks or cartilage arc sub¬ 
séquent ly completeiy rcplaced by bony 
material. 

Symphysls (G) 

Symphyses are atso cartil agi nous joints in 
which two bones are bound by fibrocar- 
tilage and connective tissue, e.g.. between 
the two pubic bones, pubir symphysis (G). 

Bony Union (H|. Synostosis 

This is the firmest possible joint between 
two bones. e.g., between the parts of hip 
bone, or between epïphyses and diaphyses 
aftet growth has ceased. 

CMntcal Ttps Synovial joints rnay somelimes 
become synostotk. HDwcver. lhey are then nol 
caHed synostoses, but ankylosés (stiftened joint). 
An ankylosis présupposée thaï the joint was pre- 
viously movable. and the alteration is issually >he 
result of a dLsease procès*. Physiologkal ankylo- 
sis is regarded as the fusion of Lhe arîicuJar 
processes of the sacral vertefarae. 


Cartil agi nous joint (F) Synchondrosis 

The second, large group of continuous 
bony joints is formed by lhe syndion- 
dmses (F2), which are joints of hyaline car¬ 
tilage bel ween two bones. During ado les 
cence. lhese are always fbund in ihe 
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General Anatomy: General Features of the Skdeton 


Discontinu ou s joints 
between Bon es (A-CJ 

These joints, diarthroses or synovial 
joints, consist of arfinitar surfaces (1). an 
artfeutor capside (2), a joint rav/ty (3) be¬ 
tween the articuiar surfaces, and. accord” 
ing ro necd, semé addiffonaf features 
(strengthening ligaments, intercateted 
disks, articula: tips (labra], and bursae). 

In a joint with two articuiar surfaces or 
bodtes, that articuiar body which is moved 
is the movabfe segment: the onc al com¬ 
parative resf is the stationary or fixed seg¬ 
ment. 

To assess the degree of mobilily of a joint, 
ït is necessary to détermine the atfgle of ex¬ 
cursion (4). Le., the angle between its im'riaf 
and /moi positions. The angle of excursion 
of a joint rnay be reduced by various fae- 
tors. They include, in addition to the ten¬ 
sion of the articuiar capsule, additional 
ligaments which restrict movement {liga- 
mentous frmifurion, see p,26X büny 
processes (btmy /imrforïon) and limiting 
surrounding soft tissues {soft tissue limita¬ 
tion), The mjdposïïion (5) is that position 
between the initiai and final positions in 
which ail parts of the joint capsule are 
under equal tension, 

aintcal Tlp: The range of movement of a 
joint is now given in ternis uf thr neutral-O-posi- 
lion of lhe SFTR method of Russe and Gerhordï 
(C), lhe neuiral-U-position of dll joints is that 
foond in lhe erect position, with sfraighc hanging 
arms and lhe palms lacing fonvard. lhere is a 
différence between anatomicai and anthropo- 
togital methods d! measurement which musc be 
taken into actount Movements are measured in 
lhe Sagittal plane. Frontal plane, and Transverse 
plane and during Rotation (SÏTR). In lhe nom- 
bers given. it shovld be remembered that the 
first figure always refers to extension, rétrover¬ 
sion. abduction. extern al rotation, supination, or 
a movement to the left coirespondmg to the 
function of the joint, the second is the neutral-Ü 
position and the third is the final position in op¬ 
position to thaï of the first movement. 


Articuiar Surfaces 

A joint possesses at least two articuiar sur¬ 
faces. They arc usually covered by hyaline 
cartilage (6) and occasionally by fibrous 
cartilage or connective tissue imerspcrsctl 
with ft b racar filage. 

The cartilage is rightly interJockcd with the 
bone and the superficiel surface is shiny 
and smooth. The thickness of the cartilage 
layer varies from 2 to 5 mm, rhough the 
patella has some very tbsek areas, up k> 
6 mm. The cartilage is nourished via the 
synovial fluid as well as by diffusion frum 
the c api lianes in the synovial membrane. 

Joint Capsule 

The joint capsule may be faut or loosc and 
is attached to the bone near the cartilagc- 
covered surfaces. It consists of two layers, 
The inner synovial membrane (7) and an 
uuter /rbraus membrane (8). The synovial 
membrane contai ns elastic fibers, b|ui>d 
vessels and nerves. The amount of blood 
supply fs directly related to the degrec of 
activity so that very active joints are more 
richjy vascularized than the less active 
ones, The synovial membrane possesses 
tnward-facing processes containing fat the 
plicae synovktks (S), synovial folds* and 
synovial vt/fr, The fi brou s membrane is of 
variable thickness and conta ins a large 
quanttty of collagen fibers and very few 
elastic ones. Irregularities in the thickness 
of the fibrous membrane may resuit in 
weak spots through which the synovial 
membrane may protrude; these cyst-like 
protrusions are called gangliü by the sur 
gpon. 
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General Anatomy: General Features of the Skelelon 


Discontinu ous Joints 
between Bon es, continuel! 

Joint Cavlty (A, CJ 

A joint cavity (1) is a cleftlike eapiïlaiy 
space which contains synovrof fluid Thîs is 
a dear, viscous, mucin-containing fluid ne- 
sembling albumin. The fluid aets as a lubrt- 
cant and aids nutrition of the articular car¬ 
tilage. Its viscoslly, which is determined by 
its content of hyaluronk acid is tempéra¬ 
ture dépendent—ihe lower the tempéra¬ 
ture, the higher the viscosity of The syn¬ 
ovial fluid. Since synovial fluid may also be 
regarded as a d La lysa te of blood plasma, ils 
constitution, îæ*. its Chemical and physical 
features, can be of diagnostic value in a 
varïety of diseases. 

Ad dit louai Feature* (A-DJ 

Ligaments (2). Ligaments arc designated 
by their function as reinforeïng ligaments 
(for the joint capsule), gw'dntg ligaments 
(in movements), or restrictive froments (to 
restrict movements), According to their 
position there are mmeopsufor. capsuîar. 
and farracopsufor ligaments, 

Articular disks or menisci articulâtes (3) 

consist of collagenous connective tissue 
containing fibrocartilagp. A disk divides 
the joint cavity completely: a menistus, 
only partly, They affect the direction of 
movement, ensure good contact between 
tho moving parts, and may, under certain 
circuinstances, produce two completely in- 
dépendent joint spaces, as, for instance, in 
the mandibularand stemodavicular joints. 
Régénération of disks after injuiy or re- 
moval is possible, 

Articular Irps (4), Labra articidaria. consist 
of collagenous connective tissue with scat- 
tered cartilage cells and serve to en large 
the joint surface. 

Bursae and synovial pockets may com- 
municate with the joint cavity (Sj. They 
form large or small, thin-walled sacs lined 
by synovial membrane (6), which repre- 


senr a weak point in a joint but whkh pn> 
duce an chargement of the joint s paru 

Maintenance of Contact 

There are various forces thaï act on the two 
articular surfaces and maintain contact be¬ 
tween them. First, there are the muscles 
rhat s pan the joint and guaranfec a certain 
degree of contact between the articulai 
surfaces. Next, there may be accessoiy 
capsular ligaments to jncrease ihe degree 
of contact. In addition, there is a certain 
degree of surface adhesion, and, as another 
important factor, atmospheric pressure. 
Armospheric pressure holds the articular 
surfaces together with a force equal to the 
produet of the area of the s nul 1er joint sur¬ 
face and the air pressure, 

Ûinkal Tlpt Joints are subject to âge 
alterations; the avaseular articulai- car¬ 
tilage (7) loses its elasticity. 

Surfaces covered by cartilage undergo âge 
alterations (S) and may degenerate. Gu b 
growths from the cartilage margins may 
occur, which are sometimes invaded by 
bone-forming cells. En such instances the 
cartilage becomes ossified and restricts 
joint mobility. Such processes may affect 
small joints such as intervertébral joints 
and they may occur in young peopie if the 
joints in question are overstiesscd. 




A Ser non fluïkjçjh Itiite joint 
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General Anatomy: General Features of the Skeleton 



Types of Discontinuons (Synovial) 
Joints (A”F) 

Joinis may be dassified from varions 
points of view, One classification is relatcd 
to the axes and subdi vides joints into 
monaxial, biaxial, and multiaxial articula- 
rions, A second classification divides the 
joints according to thejt degrees of free^ 
demi, which indjcate the mobilîty of articu¬ 
lât surfaces against eacb orher Joints dre 
therefore dividcd into those with one, two, 
or three dcgrees of freedom. Anothcr 
classification makes use of The number of 
articülar surfaces and so séparâtes simple 
from complex joints. A si'mpfejoint consists 
of only two surfaces lying in one capsule. If 
more than two surfaces air présent in the 
articülar capsule, the joint is caJIed a com¬ 
plex joint (e,g. F elbow joint. B). 

Different types of joinis may be combinée). /orne; 
combined of n ecessity arc fountd ai different 
points on two ho nés £e^. pniximal and distal 
radtoulnar joints l Forcibly cvmkineti /oints are 
aciivated by one or more muscles thaï spart 
several joints. e.g,. hand and linger joints by the 
fiexors of the linge rs fsee p. 173J. 

joints may also be dassified according to 
the shape of the articülar surfaces: 

A plane joint, a joint with two fiat surfaces, 
possesses two degrees of freedom. and 
giiding movements are possible (e.g,, the 
s ma II vertébral joints, zygapophyseal 
joints). 

A hinge joint or gingfymns (A) consists of a 
convex and a concave artic ülar surface, The 
concave articülar surface often has a ledge- 
shaped élévation which firs into a graove of 
the convex one. Tense latéral ligaments (1} 
hetp to fix the joint more firmly. Hinge 
joints hâve one degree of freedom {eg., the 
humero-ulnar articulation B), Ginglymus 
and trochoid articulation (below) are col- 
lectively known as gMicof ortinitafï<ms, 

Trochoid joints ïnclude the pivot joints and 
the rotary joints. Both hâve one axis and 
one degree of freedom, and both hâve one 
convex cylindrical surface and a corne- 


sponding concave joint surface. The joint 
axis ru ns through the cylindrical surface. In 
a pivot joint the convex (peglike) surface 
rotâtes within the concave surface, which 
is cnlargcd by ligaments (annular liga¬ 
ment, 2; e.g„ in the proximal radio-ulnar 
joint. B). In a rotary joint the concave artlc- 
ular surface rotâtes around the convex sur¬ 
face (e.g,, the distal radio-ulnar joint). 

fl/fpsrtdof joints hâve a convex and a con¬ 
cave elliptical joint surface. Thcy hâve two 
dcgrees of freedom and are multiaxial. 
with two principal axes. When the mcive- 
ments are comhined* a drcumduction is 
possible, e.g,. the radiocarpaj joint. 

A sodrffe joint (C) consists of two saddîe- 
shaped articülar surfaces each having a 
convex and a concave curvature. ît has two 
degrees of freedom and iwo main axes, but 
(s în Facl multi axial. Ci i eu induction is 
pussible (e.g,, the carpometacarpal joint of 
the thumb, D). 

Balf-and-sockct or spheroidal joints (E) are 
multiaxial and consist of a globular hony 
hejd within fl tup or socket, Tliere are 
three degrees of freedom and îhree princi- 
pal axes (e.g,, shoulder joint F). A spécial 
type of ball-and-Socket joint is rhe euar- 
throsis in which the socket extends beyond 
the equator of the head. The hip joint is 
usually an enarthrosis which, however. has 
an enlarged cavity due to the articülar îa 
bruni. 

A spécial type of joint is the fïxed joint or unipht 
arthrose. îhis has very Limited mohilily since 
both the ligaments and the capsule arc tant and 
the articuler surfaces are raugh, e.g^. the sacro- 
iliac joint. 
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General Anatomy 


General Features 
of the Muscles 

Classification of SkeJetaf Mus de s 
(A-F) 

In ali skeimi muscles we distinguish an 
origin and an aftaf/iment (insertion). The 
origin js always on the iess mobile bone 
(fïxed end) and the attachment on the 
more mobile bone (mobile end), tn the 
lirnb. t he origin is always proximal and the 
al tac binon t distal. At the point of origifi 
there is oFten a rrruscfe hecd, whîch nierges 
into the belly (1) and ends in a tendon (2}, 
Muscle power is dépendent on the physio- 
logical cross section, which is the sum of 
the cross sections of ail the fibers. From 
this the absolnte m usai la r strength is cah 
culated 

The location of the muscle belly dépends on the 
space availahle. An important factor for the 
muscîe’s actïviry is ils effective terminal part, 
The tendon of a muscle may, for example, be 
béni around a port ion of the skeleton, muscutar 
troditea. as a fulcrum (hypomoofifionlL A long ten¬ 
don may pmve advantdgecujs if there is a short- 
âge of space. The best ex ample of this are the 
long ftnger muscles, whose muscle bellies are 
situated in che forearm but whose the effect 
shows only in the Fïngers. 

Accordiug ta the re la tiens hip between the 
muscle fibers and the tendons, we distinguish 
hetween various muscle types. Fusiform muscles 
(AJ bave long Fibers and produce extensive but 
nol forceful movements. Fusiform muscles hâve 
relative|y short tendons. Another type is die uni- 
petinaté musde {B)> which has a long tendon 
through rhe muscle to which the short nxiscle 
fibers are attached. This etlsures a relatively large 
physiol ogival cross section and consequentîy 
more muscle power. A bipenne muscle (C) bas 
the same structure as a unipennate muscle, but 
the lïhers are attached to both sides of ihe ten¬ 
don. There are also mullipennaïc muscles. 

There are several forms of muscle origin, for ex¬ 
ample two-, three . and four headed muscles. in 
whkh the indjvidual heads fuse into a single 
muscle belly and terminale in a tommon tendoiL 
txamples of this muscle type indude the biceps 
(D) and the triceps brachii. 


If a muscle has only one heact but une or mor e fu** 
termediate rendons [3). we speak ol a digash k or 
multigastric muscle (£). One such musde with two 
bellies. digmric muscle, has two successive, aj- 
most idemic.il large muscle segments, A fiat 
muscle (F) of a thangular shape, frfangutar musde 
with a fiat tendon or opcmeurosh (4), is disfin- 
guishahle from a quadrangularflat muscle, quod- 
rate musde. 

Muscles may extend over one or more joints and 
are then called t/nforrîcukir, MuiTicu/ar. or îTioffi- 
orr/cutar muscles. They may produce different 
and in sonie cases even opposing movements at 
the various joints. Examples are the interossei 
muscles of the hand, which flcx at llie proximal 
joint but extend at the middle and terminal 
joints of the Jingers, 

The muscles which Work togcther to pcoduce 
one movement are called synergists. and chose 
that produce opposîng movements aie called 
antagoniste The combination of synergisis and 
antagoniste cari vary in different movements. In 
flexion of the wrist, for instance, several muscles 
are syrtergists which in radial abduction becoine 
antagonists. 

It is essentidl for their Tu net ion that muscles hâve 
a tone. even at resi In a musde we find either ac¬ 
tive or passive imuJCfideney. In active insuftï- 
ciency, a muscle becomes exhausted when it has 
attained its maximal shortefiipg. Ln passive in- 
sufficiency, from another position the end point 
is reached prematureJy, foc exarnple. in the inv 
possibility of forming a fisl when the liand is 
flexed. In musde action we distinguish an octlve 
lîioviog and a passive Fiaffmg /uuefion. Thus. a 
muscle may fonction passively to haït and ac- 
ttuely to produce movement. 
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Auxiliary Feattires of Muscles (A-D) 

A nu mber of auxiliary structures are essen- 
rial for muscle function. They include: 

(a) Connective tissu* coverings, fascias. 
which surround individual muscles or 
muscle groups and allow them to rnove 
□ne agatnst the other. 

(b) Tendon sheaths (A, B), which intrease 
the glidjng capacity of tendons. The inner 
or svnovjfl/ lover h as an inner viscéral layer 
(1), which lies in immédiate contact with 
the tendon (2), and a pariétal layer (3), 
which is connected via the mcsüfendon (4). 
The synovial fluid P which is présent be~ 
tween the viscéral and pariétal layers, acts 
as a lubricant to aid movement of the ten¬ 
don. The outside of the vaginal sheath is 
cuvered by a /jurons foyer (5). 

(C) A synovial bursa (C, 6) protects a 
muscle where il Mes directly against a 
bone. 

(d) Sesamoid cartilages or bones (D) are 
Tound where tendons are subjected m 
pressure. Tlie larges: sesamoid bone is the 
patella (7), which ts part of the knee joint 
and is also connected via the patellar liga¬ 
ment (81 and the tendon of rhe quadriceps 
(9) to the tibia, 

(e) Fatty bodies, corpora adiposa, lie be- 
tween individuel muscles and may reduce 
friction. Such Tatty bodies (e + g., theaxillary 
fatty body) are found in variable nom bers 
throughout the body. 


Investigation of Muscle Fonction 

Muscle function can be judged in a vaiiety 
or ways, The simples: are palpation and in¬ 
spection. The shape of a muscle may be 
demonstrated by parti eu lar movements. 

Ano tomicaf methods permit The démon¬ 
stration of individual muscles in prépara¬ 
tions. The origin. course and insertion of a 
muscle can be determined T but an exact 
évaluation of its function cannot be ob- 
lained from a cadaver. Th us . dissection is 
an indirect method which only allows in¬ 


férences and does not take into account the 
coopération of individual muscles» 

ffermed stimulation may be used to inves¬ 
tira te muscle function, the stimuli being 
applied where the nerve enters the muscle 
(“motor point"). This method has the dis- 
ad va ntages, IjrsU that it is useful only for 
superficial muscles, and second, that it 
produces maximal contraction without 
making allowances foi the fact that other 
muscles may affect or leduce this maximal 
contraction. 

Eicctrotnyography is the most modem 
method of investigation of muscle fonc¬ 
tion. in which action potentials of fibers 
aie recorded by an electrode placée! 
directly in the muscle. With the help of this 
method, it has been shown that with an 
increase in effort, more and more motm 
units (muscle fibers with their motor end 
plates and nerves* sec vol. 3) become acti- 
vated. E lectromyograp hy has démon - 
strated that ail fibers are ne ver active at the 
sa me time. While some fibers are at rest. 
others contracta so that tliere is an even in- 
crease or decrease in tension. 

A limiting factor, even with this method, is 
the difficulty of detei mining the extent to 
which an individual muscle contributes to 
anygiven movement. 
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Vertébral Column 

The vertebra! column for ms The basic 
Structure of the trunk. It consiste of 33-34 
vcrrchrac and intetvei f efcrof disks. 

The vertebrae are divided into 

- 7 cervical 

- 12 thoracic 

- 5 lurnbar 

- 5 sacral 

- 4-5 coccygeal vertebrae 

The sacral veitebrae fuse to forni the 
sacrum and the coccygeal vertebrae fuse to 
(brin the coccyx. Th us the sacral and cuccy- 
geal vertebrae are false vertebrae. while 
the otheis are true vertebrae. 

Cervical Vertebrae (A-C) 

Of rjie seven vertebrae comprising The cer¬ 
vical vertébral column, thiee can be readily 
distinguished: the first. or atlas, the sec¬ 
ond. or axis, and the seventh, The vertebra 
prtmiinens Only small différences charac- 
terize the third, fourth, fifth, and sixth cer- 
vical vei tebrae. ITte vertébral body {1} is 
contmued backward into the vertébral 
arches (2), each of which comprises two 
portions, an anterior pedicle (3} and a pos¬ 
te ri or lamina (4), At The junet ion of these 
two parts, a superior artkular proce ss (S) 
projects cranially and an in/erior artkular 
process (6J extends caudally. A recession, 
the superfor verrebrof notch (7). is évident 
beLween the superior articular process and 
the vertébral btxly, whereas a larger infe- 
rior vertebra/ notch (S) is fbund between 
the inferior articular process and rhe body. 
The articular processes bear ortieufor sur- 
faces or facets (9); The superior articular 
Facet is directed dorsal ly. the inferior artic¬ 
ular facet venlrally, The vertébral arches 
terminale in a spinous process (10). which 
is directed dorsally and which, in rhe rhird 
to sixth cervical vertebrae, is bifïd at its 
end. ïn cervical veitebrae the vertébral 
body and its arehes enclose a relativeïy 
large vertébral /oramen (11). The transverse 
process (12) extends laterally and includes 
a vertébral and costal eletnent (p. 52} 


which incompletely fuse during develop¬ 
ment sa that a Joramen transversarium (13) 
is preserved. The transverse process is dis¬ 
tinguished by an anterior tubercle (14) and 
a posterior tubercle (15) connecled by a 
giïMïved bridge of bone serving as rhe siri- 
cus for a spinal nerve [ 16). 

In The thîrd cervical vertebra, the articular 
facets on the superior articular processes 
form an angle of 142° to each other open 
posterioriy (angular aperrure» Pufz), 
whereas in the fourth to seventh cervical 
vertebrae. this angle amounts to about 
18Ü* 

The antericc tubercle of lhe sixth cervical 
vertebra can be especially p nomment and 
is designated as the rarorid tubercle (17). 
The upper plates of the bodies of the rhird 
to seventh cervical vei tebrae exhibit raised 
latéral margins, the uritnf pratesses or une/ 
(18. p.SS). 

The seventh cervical vertebra possesses a 
large spinous prticess which Ls signifùant 
as The Lippermost palpable spinous process 
of the vertébral column. ft is consequently 
designated as the veitefira prammens. 
However, its transverse process usually 
lacks an anterior tubercle (E). 

M Variants; The transverse process ot C 7 (£) is 
incompletely developed and the costal élément 
bas incompletely fused (19) so that the paît aris- 
iog fiom this anlage can be dlstînctly differen- 
tiated from the vertebra. If the costal element is 
preserved independentïy, a cervical rib develops 
(20), Cervical ribs customarily appear bilaterally. 
When rhey appear only on one sidc, they are 
more trequently found on the (elt than on the 
right The foramen Iran s versa rium can be bipar¬ 
tite tn different vertebrae. 

Ciinkai tIjk The présence of a cervical rib 
may cause a triad of disorders. 

1, Pain due to distortion of vessels. 

2. Pain related to the brachial plexus (sensory 
disturbances, especially ofthe uluar nerveji 

T. Palpable abnormaliïîes in the greater supra- 
ctavitular fos&a. 
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Cervical Verïebrae, contlnued 

First Cervical Vërtefcra (A-t) 

Tlie atlas diffei-s basically from the other 
wrtebrae m fhat it lacks a vertébral body. 
lit tbe atlas we therefote descri be a stria lier 
cnterfûr (1 ) and a tarder postenor arch (21 
Both arches hâve small protubérances in 
the médian plane, the anferfor (1) and pos¬ 
tent tubercles (4). The postenor tubercle 
inay sometïmes be very poorly developed 
Lare i al to the large vertébral foramen (5) of 
the atlas lie the tarera/ masses (6), each or 
Which has a supcrior (7) and an m/enor or - 
ficiitar facet (fi). The upper articular facet is 
concave and ifs médial margin is often in- 
drawn. Sometïmes a supertor, articular 
facet may be subdivided. The luwer arricu- 
lar facet is fiat or may be very slighïly 
deepened and almost circulât. On the inner 
side of rhe anterior arch îs the articular 
facet for rhe dans Jovea dcnrts(9), From rhe 
foramen transversa rtum (il), whirh îs lo- 
cated in the crans verse procès (10), a 
groove, the sufrus of vertébral artety (12} h 
extends a ctoss rhe posfenor air 11 for the 
réception of the vertébral artery 

™ Variants! The su Icus for rhe vertébral artery 
inayfre replace d by a canal (13). Rarely, rhe atlas 
is divhted mro two halves joined by cartilage, 
F^ually raneiy, unilatéral or bilateral assimilation 
ü| the atlas, r.e.. bony fusion wïth the skull* may 
be obscrved. 


The shape of the latéral articular facets is 
somewhat complex. Although they may 
appear almost Bat tn a bnrry ( macéra ted) 
préparation, they are more ridged when 
theïr tartilaginous covei jng is preseni, This 
covering is important in the joint belween 
the atlas and the axis (see p,6CJ)* The 
spinotis procms (19) is large and often, 
though not always, it has a btfurcated tip. Il 
develops from the joined parts of the verfe- 
fcra/ arch (20) p which in common wirh the 
verfehra/ body (21 ), encompass the verté¬ 
bral foramen (22). 

tllnfcal Üpt Isolated fractures of the arch of 
the atlas may occur, espccially aftei car acci¬ 
dents, and should be differentiüied from con¬ 
génital varia rions of the atlas {p, 44), A fracture of 
the dens is the typical axis fracture. Que is re- 
Qiiired because fret proarias segments (p. 52 ) 
may rarely be found within atlanto-occipiral 
membrane. 

The position of the axis of tlîe dens relative to the 
body of second cervical vertebra dépends on the 
curvature of the cervical spine. In the absence of 
a Jordosis (p,62) it faces slighrly backward. Ils 
longitudinal axis rhen makes an angle wirh tl*e 
vertical thmugh the body ot the second cervical 
vertebra. 


Second Cervical Verre bra (D-FJ 

The Axis differs from C3^6 because of the 
dens or odonrotd process (M). On the 
crantai surface of the body the axis cardes 
a Loüthhkc protess, the dens axis* which 
ends in a rounded point, rhe apex rienfis 
(15). The ante ri or surface of the dens has a 
défi ni te articular surface-the amerior ar¬ 
ticular facet (16). The posteriot surface may 
hâve a smaller articular fa cet-the posfenor 
articular facet {V). 

The latéral articulai facets slope latéral iy. 
The poorly developed tramverse process 
(18) contains the foramen transversarium. 
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Thoracic Vertebrae (A~D) 

The 12 thoracic vertebrae each bave a 
vertébral botly (1), which has incorapierely 
ossifietl cranial and caudal plates of com¬ 
pact bune and H on the dorsal surface, open- 
ings fur the exil of the basivertébral veins. 
Larerally. Lhe vertébral body usually has 
l wu costal fac rts (2), each of which is haïf of 
an articular facet (D) for articulation wirli 
the head of a rib, The First, tenth. eleventh, 
and twelfth thoracic vejiebrae are excep¬ 
tions. 

The First thoracic vertebra (DJ has a 
complété articular Facet (3) at the cranial 
border of its body and a ha If facet (4) at the 
caudal border. The tenth venebra {D} has 
only a half articular facet (5% while the 
eteventh (D) has a complété articular facet 
(6) at its cranial border lhe twelfth 
thoracic verte bra (DJ has the articular facet 
for the head of the ri b irt the middle of the 
tarerai surface of the body (7), 

From the posterior surface of the body 
a ri ses the vertébral areb with its pediefes 
(S) thaï continue on each side inlo the 
lamirtae of the vertébral üreb (9). The two 
lamirtae imite to form lhe spin uns process 
(10). The spinous processes of the firsr to 
ninth thoracic vertebrae overlap each orher 
like roof tiles, so thaï lheir tips lie one to 
one and a hatf vertebrae lower than the 
corresponding vertébral bodies. They are 
triangular in cross section, in contrast to 
the spinous processes of the last three 
thoracic vertebrae. which are verîically 
oriented plates. They do not descend but 
extend directly dorsal ly. On the upper mar 
gin of the pedicle of the anch is the poorly 
developed superior vertébral notcfi (11), 
and on the lower margin, the deeper in/e- 
rïor vertébral notch (12), The vertébral /ora^ 
nicn (13) lies between the vertébral arch 
and the posterior surface of the body. 

Cranially. whene rhe pedicle of the verté¬ 
bral arch becomes The lamina, the ne are the 
super ior articular pracess (14J and caudally 
the rn/ërïor articular procès (15). Laterally 
and a little poste ri orly lie the transverse 


proteases (16). which in the First to tentli 
thoracic vertebrae eany a costal jucet (17) 
for articulation with the costal tuberde, 
Tlie Facets are concave only in the second 
to fïfth rhoracic vertebrae. On rhe first. 
sixth to ninth and tenth thoracic vertebrae, 
the facet is flattened. The sliape oF rhe facet 
imparts a difFcring mobility to the ribs (sec 

p.68}< 

Spécial Featurcs: Like tlie cervical verte¬ 
brae. the first thoracic vertebra often has 
an tmeus awpork (Putz; uncal prucess) or 
each side of its body. In the eleventh and 
twelfth thoracic vertebrae. rhe trans verse 
processes ma y already be mdimentary. In 
this case, as occurs in rhe lumbar vertebrae 
(p.42), there may be an aecessory process 
and a mamiBeny praeess on each side. 

Cinkal Ttp: The vertébral notches, une 
caudal and one cranial, tpgetber fc*m rhe infer- 
verfehral foramen ( 18), which serves tbr lhe |>as- 
sage of the spinal nerves. Processes affect ing lhe 
bones in tbis area may produce a uanowing 
which in tum may cause nt*rve lésions. 
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Lumbar Verte brae (A-D) 

The bodics ( t ) of the five lumbar vertebrae 
are much larger thar Those of the other 
vertebrae. The spmows process (2) is fiat 
and is direaed sagitally. The famina q f the 
onch (3) is short and sturdy, and the 
pedides of the vertébral arch (4) are very 
thick, corresponding in size to those of the 
Junibar vertebra, The flattened latéral 
processes of the lumbar venebrae may be 
called costal processes (5). and since they 
originate from rib anlagen. they are fused 
with the vertebrae. Behînd the costal 
process is an occcssory process (6) of vari 
able size. Togetlter with the saperior articu¬ 
la r process (7) and The mamiHary process 
[8) resting on it.it represents the remuant 
of the transverse procès s. The inferior artic¬ 
ulai process (9) extends caodaJïy. In es¬ 
sence, the articular facets face medialîy 
(10) on the su péri or articnlar processes 
and latérally (11) on the inferior articular 
processes. The te is always a more or less 
marked angulation of these articulai sur- 
faces. 

Between the superior and inferior articulai 
processes there is a région which is almost 
bereft of spongiosa. Clinically. ït is known 
as the interarticular part (12X 

As in ail other vertebrae. there is a small 
superior vertrbraf notch (13) between the 
body of t he vertebra and the su péri or artic 
ular process, The mtieh laiger in/erior 
vertébral notch (14) extends from the pos 
terior surface of the body as far as the root 
of the inferior articular process. The inter¬ 
vertébral foramina formed by the cône- 
sponding notches are rclatively large in the 
lumbar veFtebrae. whereas the vertébral 
foramen (15) is relatively small. At the pos- 
terior surface of the vertébral body inside 
the vertébral foramen, there is a large 
opening for the exit of a vein. The outer 
margins or the upper and lower surfaces 
(mtervertebraï surfaces) of the vertébral 
bodies of lumbar, as well as other, verte- 
brae exhibit a distinctly visible, ring- 
shaped, compact, borry lamella, the mar¬ 
ginal ridge or ring epiphysis (16), Spongy 


bore occupies the centra] area of the verté¬ 
bral body (17), 

The compact ring corresponds to the 
ossified portion of the vertébral body 
epiphysis (p.52). Among the flve lumbar 
vertebrae, the fïfth lumbar vertebra can be 
distinguished from the others in that its 
vertébral body decreases in height from 
front to back. 

W Variants: Fairîy often in the first lumbar 
ver refera and less commonty in the second Jum- 
bar vertebrae. the costal process dues net fuse 
with the bone and instcad for ms a so-caltcd lum- 
lur ril) (18). The last lumbar vertebra may fuse 
with the sacrum. This Ls called sacralisation üf the 
wrtebra. 

Clltikal Tlpi Lumbar ribs may cause pain be- 
cause of their proxi mity to the fcidney. 
Spondylolyse (p, 44) may occur in the région of 
the interarticular part. 
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Ml Malformations and Variations 
of the presacrai vertébral Colümn 
(A-EJ 



Malformations of the vertebrae tnay be as- 
sociated with mort or less severe changes 
in the spinal cord, Vaiïous fissures or oiher 
abnormal ities which may not hâve caused 
any symptoms can sometimes be detecied 
by chance on x-rays, ulrrasound, Cl. or MRI 
studies, Since these aie development al de- 
fects. some grouping wHI be done here. 
Moreover. only the free vertebrae vvili lie 
considered-variât ions of the os sacrum 
are descri lied on page 50, Lifcewise* cervical 
ribs (see p.36) and lumbar ribs (see p.42J 
wi|! not be mentioned here. 


A part from such va nations as the présence 
of a vertébral orrery conoJ (see p. 38). or 
such malformations as □ssimifofion of lhe 
atlas (unilatéral or bilateral fusion with the 
base of the skult}, the most cûmmon mal¬ 
formations are fissures in the région of 
the vertébral arches. fîosJerior Assurés 
must be distinguished from latéral ones 
and from jtss tires at the ivot of the vertébral 
arrhes, as well as from those foefwmï the 
hody oad the arch. as described by Tondury, 
In addition, there is the rare anteriûr/ïssure 
of the ûnferïor vertébral onrfi of the ottos. 
Anterior and posterior vertébral fissures 
may be described as médian fissures. Mé¬ 
dian posterkii vertel^ral arch fissures can 
be associatéd with malformations of the 
spinal coitf. According to Tondr/ry. they 
arise during the mesenchymaï phase of 
vertébral development. 


Posterior fissures aie quite common in the 
atlas (A, B) but they occur less often in the 
lower cervical vertebrae (E) and are very 
rare in the upper thoracic vertebrae. They 
art not uncommon in the îower thoracic 
and upper lumbar vertebrae and are most 
Truquent in the sacrum (spina bihda, see 
P» 50). 

Very infrequently the atlas bas an anterior 
médian fissure and in the example il- 
lustrated here tliere is aise a pusterior mé¬ 
dian fissure (B). 


Latéral vertébral arch fissures (C) occur ïmme¬ 
dia tely posterior to the superior artîcular 
process (1), with thé result that the infeiior 
arttcular processus (2), together with the 
aie h and the spinous process, are sepa- 
rated from the othei parts of the ve rtebra, 
Thts hony division is called sporafj/fofysîs 
and may lead to true slipping of the verte- 
bra {spondytolisthesis ), 

Another malformation is the occurrence of 
fused vertebrae (D), Le., the fusion of two 
or more vertébral hodies, as happens nor- 
mally in the sacrum. Tused vertebrae occur 
most corn mon ly in the nede, upper 
thoracic and lumbar régions. The example 
illustrated shows fusion of the second and 
third cervical vertebrae (D), Kused verte¬ 
brae may be caused by a nu m ber of things* 
but the disturbance is always in the 
mesenchymaï phase of development of The 
vertébral cotumn. 
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Sacrum (A, B) 

The sacrum consists of the five sacral 
vertebrae and the intervertébral disks that 
He between therru It lias a concave anterior 
or pelvic surface ( A) and a convex dorsal sur¬ 
face (B). The base of the sam/m (1) bas a 
surface which faces the last lumhar verle- 
bra. The apex of fhe sacrum {2) faces 
downward and lies opposite to the adjoin- 
ing coccyx. 


Usually, the concave curvature of the pefvic 
surface (A) is not uniform l>ut bas îts 
greatest depth approximately at the level 
of the third vertebra. Here the sacrum may 
even appear angulated. The petvie surface 
bas four paired pelvic onferfor sorral 
Joramim (3) as exits for the ventral 


branches of the spinal nerves (see vol. 3). 
These foramina are not équivalent to the 
intervertébral foramina found in other 


vertebrae, which here lie directly next to 
the sacral canal, but are stirrounded both 


by vertébral and rib anlagen (see p.52). 
They correspond to those foramina that are 
formed by vertebrae, ribs (or rib anJagen). 
and superior cos tôt rans verse ligaments, 
Belween the rigbt and ïeft anterior sacral 


foramina lie the Crans verse ridges ( 4 ), 
which are due to fusion of the adjacent sur¬ 
faces of the vertebrae and intervertébral 


disks. That part of ihe sacral bone which 
lies latéral to the pelvic foramina is calied 


the forera/ pari (5, p. 48). 


The dorsal surface (B) is régula rfy convex, 
Five longitudinal ridges. rot always dearty 
developed. hâve rheir origin in fusion of 
the terres pond ing processes of the vene- 
brae. The medfon sacra/ cresf (6) is Formed 
in the midline by the fused spinous 
processes. Latéral to it but médial to the 
posténor sacra/ foramina (7) is the in terme 
dïate sacra/ crest (S), which is usually the 
most poorly developed. It represents the 
fused remnants of the articular processes 
of the vertebrae. Latéral to the dorsal 
foramina the forerai sacra/ crest (9) car be 
seen. which represems remnants of the 
transwrse processes. 


In the crantai prolongation of the intermé¬ 
diare sacral crest at the upper end, the su- 
perfor articular processif ftO> are found 
which articulate with the last lumbar 
vertebra. Uke the anterior sacral foramina, 
the eighr dorsal sacral foramina are not 
équivalent to the intervertébral foramina 
of other vertebrae, They correspond to 
those openings which are formed in com- 
mon by the vertebra, rib (or rib anlagen), 
and the tostotransverse ligament, They are 
the exits for the dorsal branches of the spi¬ 
nal nerves. 

The médian sacral crest terminâtes just 
above the sacrai h/arus (11), which repre- 
sents the inferior aperture of the vertebra! 
canal at the level of the fourth sacral verte- 
bra. it is bounded laterally by the rw 
sacral horns (12)l 
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Sacrum, continued (A~D) 

A view of the sacrum from above (A) shows 
m the middle the ba se [1 ], which for ms the 
contact surface of the intervertébral disk 
with the last lumbai veitebra. Of ail the in¬ 
tervertébral disks in rhe vertébral column, 
this one ex rends the funhest forward, It 
also projects furthest into the pelvis (see 
P- 62) and should by définition be called 
the piomontory. However, in present-day 
usage, the most prominent point of the 
base of the sacral bone is ca II et! the prom- 
ontory. On either side of the base lie the 
wîngs. afae sacrales [2). They form the 
upper surface of the loferai part, which is 
fôrmed on one side by the transverse 
processes and on the other by the rudi¬ 
ments of the ribs. Posterai to the base lies 
the entrance to the sacral canal and latéral 
to it are the two su^rior articular professes 
{3}. which ai ticulate with the last lumbar 
vertebrau 

In a latéral view (B) of the sacrum, the 
ûmïtufar surface {4) for lhe articulation 
with the bip bone can be seen. Posterior to 
it Mes the sacra f lufoerosity (S), a ioughened 
area for the attachment ot ligaments. 

The sacrai canai Mes with in the sacrum 
and* correspond] ng in shape to the sacrum, 
is irregulai ly curved and of uneven width. 
Al about the level of rhe third sacral verte- 
bra the canal is narruwed, Channels which 
correspond to the intervertébral foramina 
and are formed from the fused superior 
and in ténor vertébral notches open later- 
aily from the sacral canal. The correspond- 
ing sacral foramina open ventrally and dm - 
sally from lhese short channels fp.46) + 

Sex Differentes: Males (D) h ave a longer 
sacrum with more mariced curvature. 
Pemales (C) hâve a shoner but broader 
sacrum, which is less curvetL 


Coccyx (E. F) 

The coccyx* which is usually formed from 
three to four vertebrae, is normally only 
rudinventary. The surface which faces the 
sacrum has cornua (6Î or homs, formed 
from the completely fused arficular 
processes of the finît roccygeal vertebra. 
lhe nemainder of the coccygeal vertehrae 
constst only of smalL round ho nés. 

The cranial to caudal vertebrae decrease in 
size. Only the first coccygeal veitebra 
shows any similariiy to the structure of a 
typical vertebra. It shows two latéral 
processes which lepresent the rem na lits of 
the transverse processes. 
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■ Variations in îhe Sacral Région 
(A-D) 

The vertébral column usuaJly consists of 24 
presatral vertebrae, the remaînder being ar- 
ranged into five fused sacral vertebrae and 
three to four coccygeal vertebrae. About 
one-third of irtdividuals bave an additional 
sacral veitebra. so that the sacrum consi sts 
of six vertebrae, Fitber one lumbar verte- 
bra may \ye induded in the sacrum (A), or 
the first coccygeal vertebra may be fused 
wifh it (B). 

Situation (A) is called sacralisation of a lum¬ 
bar vertebra, and (B) is called sacralisation 
of the coccyx or the first coccygeal verte¬ 
bra* If eitlier a lumbar or a coccygeal vene- 
bra is fused with the sacrum, there are five 
sacral forain ina on each side and thé 
sacrum appears larger than in its typical 
form. 


Fusion of the last lumbar vertebra may be 
unilatéral, produeing a lumbo-sacraf transi- 
tional vertebra, wliich may lead to srohosis 
of the spine (see p. 62 ). A lumbosacral tran- 
sirional vertebra oecurs also when there is 
lumbalization of the fin* sacral vertebra. In 
this case, dorsally there is incomplète fu¬ 
sion of the first sacral vertebra with the 
rest of the vertebrae and their is no bony 
union in the région of the Latéral parts, re¬ 
in those areas chat originated fmm rem- 
nants of ribs. 


It shouki be noted that when lumbaliza- 
lion of a sacral vertebra occurs. there may 
nevenhelcss be five vertebrae if the first 
coccygeal vertebra is fused with the 
sacrum. An inrreased number of sacral 
vertebrae, i.e.. sacralisation of a lumbar or 
coccygeal vertebra. is more commun ïn 
males than in females, 

Quite often an incomplète media! sacral 
crest is found (according to Hintze in 44% 
at IS and 10% at 50 years of âge). In these 
cases the posterior wall of the sacral canal 
appears to be defective [C). Apart from this, 
incomplète fusion of the spine us process of 


the first sacral vertebra with the spinous 
processes of the other sacral vertebrae pro¬ 
duces a vertébral aith in the first sacral 
segment and so the médial sacral crest 
starts from the second vertebra. 

Lastly. sometimes noue of the vertebra] 
arches are fused, so that there is no |X)ste- 
rior bony wall in the sacral canal. This mal 
formation is called spina bifide (O). 

When the spinal cord is intact and the skin 
of the area is undamaged the condition is 
called spina bifida "occulta". Itocnirs in 2% 
of males and 0.3% of females. It is usually 
of no clinical importance. 
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Ossification of ttie Vertebrae |A—1| 

Basically ail vertebrae possess three bony 
anfqgen, froiri whicti two develop peri- 
diondrally and one endochroodrally. The 
perle hond ni I eu fis (1 ) lie at the roots of lise 
vertébral anches (pedieles). while the bony 
nucléus ( 2 ) is found in the body of the 
veitebra, A part Fnom tbese renters of ossi¬ 
fication. individual vertebrae hâve second- 
ory eprpfiys foJ bony ordqgen which appear 
on the surfac e of the vertébral body. as well 
as in the tra ns verse and spinous processes. 

The allas (A) dcvekïps from two latéral bony an- 
lagon (1), bul in lhe Ist year nr life the ventral 
ardi may develop irs own bony cenlor (hypo- 
chnrdal bar), which (lises with lhe other two be- 
Lwoon the âge s or 5 and 9 years. The transvase 
procès ses of the allas and axis contain rudimen- 
lary ri b an lagon [IX 

ïn addition to the ihree bony anlagen and the 
secondary épiphyse, the axis [B. C) h^s furiher 
ossification corners, The dons (4) is usuaüy con- 
siderod lo anse from the bony anlage ofthe body 
of ihe atlas, ail hough. according tt> another 
theory (f-utfwig), il is Tomied fnom tho dental 
processes. Relaiively lato a bony center (cb- 
stnilimi tennifirtle) develops in the apex of the 
déni (5). «irresponding to the body of the prtt- 
atlas, and it dues not fuse with the dem un*il tho 
25th year of life. 

In lhe other cervical vertebrae [D] fhirc typkoi 
bony mriqgen develop toward lhe end of the 2nd 
în ira utérine momh. Bony anlagen appear in the 
I ransverse processes (6). which develop from i he 
rib piocutsors (pariétal bars}, and from wbkh 
the amener tuberdes and parts of the posterior 
tiiberctcs are fonmed, The bony arches fuse in the 
tst yeatv Tlie fusion between lhe body and arches 
al the neurecentruf juncfron occurs between the 
ird and 6ih years of life. Seconder}’ epiphysial an- 
logen appear at lhe ends ot lhe iransverse 
processes and t lie spinous pnxesses between 12 
and 14 years, and fuse with ihem al about 20 
yeais, The epiphyses of tbe vertébral hodies, a 
cranial and a caudal cartilaginous plate, ossify 
Irom tho Ëth year onward in ring form (nnutor 
epiphysisj and fuse with tho body from aliotit the 
âge of 18, 

In the thorack regkn [£} the bony anlagen of the 
pedkfes (1) develop first in the upper rhorack 
vertebrae, The endochondral center (2} d the 


vertébral body devdopsduring the lüth week of 
intrauterine life. al first in the kiwei ihoratic 
vertebrae, fusion of the bony halves of lhe arches 
commences in the I si year of life, and between 
the arc.h and the body it starts beiweeu lhe âges 
of 3 and 6, The epiphyses of the vertébral fjodies 
ossify in a ringlikc fashion, 

The hunbjj vertebrae (F, C, K), also, ossify from 
three bony mitagcn; the bony cenlers (2) in the 
vertébral bodies appear first in the upper lumbar 
vertebrae (about the same lime as in lhe bodies 
of the kjwer thoracie wrtebrae) and lhe bony an¬ 
lagen in the vertébral arches (1) appear stune- 
whai la ter, The costal professes 17) develop from 
the rib aniaçpi 

The secondciry cpjp/iyses are l epresenied |>y a 
hony anlage ai the spinous prneess. as well as lhe 
nng ossified aiwlar epiphysis (8) of lhe vertébral 
body which is found ben h at ils upper and lowei 
surfaces. 

In each of its segments lhe sacrum (H* I). 
devdops. J ike the rest of the vertebrae, from 
ihrce bony anlagen, and, in addition* fmm a lih 
anlage (HJ in the région of the latéral mass on 
each side, Thtis, endi sèment of lhe sacrum Mas 
/ht' ossification anlagen. In the région of the 
tineae transversae there is an addittonal bony fu¬ 
sion of the margin with the intervertébral disks, 
the ossification of which begins at 15- 16 years irf 
âge* The noclei thaï arise trom the rib rudiments 
appear in the 5th-7th fcial monih and fuse with 
the nemaintng ossifie center s in the 2nd-5th 
postnatal year. The sacral vertebrae fuse wilh 
one another in a caodocranial séquence up to the 
âge of 25-35 years 

The ceccygeal vertebrae develop ffom bony cenlers 
thaï appear in the 1 si year and fuse between the 
âges of 20 and 30 years. 
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Intervertébral Disks (A-D) 

Each intervertébral disk consista of an 
outer tense imuftts /ïbrosus (IJ and a soft 
jellylike nucléus, the nudeus puJposus (2X 
which contai ns remuants of lhe nolochord 
(chorda dorsal i s). The a nul us fibrosus con¬ 
sista of concentrically arrangjed collagen 
fibers and fi brocart ilage which keep the 
nudeus pulposus under tension. The inter¬ 
vertébral disks lie between ihe bodies of 
the indîvidual vertebrae. tn a sagittal sec¬ 
tion they appear cortical In the cervical 
and lumbar région they are higher in front 
and ïower behind.The reverse is true in the 
thoracic région, where disks are Ïower în 
hont and higher hehind. Basically, the 
thickness of tfie intervertébral disks jn- 
creases from the cranial to the caudal ré¬ 
gion, 

The intervertébral disks inclut!e thehyu/me 
cartilage plate s (I) derived from lhe 
epiphyses of the vertébral bodies. This 
functionai unit represents an important 
part of a segment of motion (see p.62). ïn 
addition, the intervertébral disks are also 
heïd in position by the longitudinal liga¬ 
ments (4), The posterior longitudinal liga¬ 
ment is fused with lhe disks (see p,56) 
over a broad surface, whîle the anterior 
longitudinal ligament is ouly loosely at- 
tached to them, 

Tlte intervertébral disks and the longitudi¬ 
nal ligaments form a functionai entity and 
tqgether are known as the intervertébral 
symphysis. 

Function: The intervertirai disks ad as 
shock absorbers. The nucléus pulposus dis 
tributes the pressure. Loadiug compresses 
them, and when it is released. they regain 
rheir original shape after some time. ïn 
movements within the vertébral column 
(C„ D) the intervertébral disks, as elastic él¬ 
éments. are compressed or stretched uni- 
lateraliy. 


” Clinkal Tlp; With increasing âge, a ré¬ 
duction in infernal pressure may resuït in 
shrïnkage of the nudeus pulposus. This 
causes lesseningof tension in tlve anulus fi- 
brosus so it becomes torn more easily. 
Basicalty. each tear begins in the région of 
the nucléus pulposus (Sddflfer), Radially 
running tears (caused by excessive loads 
even in the young) should be distinguished 
from concentric tears. The iatter are as- 
sodated with dégénérative processes. Fi- 
nally, parts of the intervertébral disk may 
be dispLaced. Displacement with invasion 
of the adjacent vertébral body is known as 
a “Schmoifs nodule". It is clearly visible in 
radicjgraphs. Pulposus herniatiou occurs if 
thejellylike nucléus is pushed dorsally and 
larerally into the vertébral canal after dam¬ 
age to the anulus fibrosus. This may en- 
danger the spinal cord, or individual spinal 
roots or spinal nerves. 

Herniation of the n udeus pulposus is most 
common between the third and fourth 
lumbar vertebrae, as well as the fouith and 
fifth lumbar vertebrae. In addition, it often 
affects the lowest two cervical interverté¬ 
bral disks between the fifrh and sixth, or 
sixth and seventh cervical vorrebræ. Pro- 
lapse of a disk (i.e., of the nudeus) 
develops from a complété rupture of the 
anulus fibrosus. Réduction in the tension of 
the anulus fibrosus may lead to a loss of 
eiasticity, followed by invasion of osteo- 
blasts and ossification of parts of the disk. 
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Ligaments of lhe Vertébral Column 
(A-D) 

The anterior and pastcrior longitudinal 
ligaments: the ligaments run anterior or 
posterior to the vertébral bodies. 

The anterior longitudinal ligament (t) 

originales from the anterior rubercle of the 
atlas, and ex tends downward along the 
anterior surface of the vertébral bodies as 
far as the sacrum, It broadens our caudally 
and is alwayv firmly bound to the vertébral 
bodies, but not to the intervertébral disks. 

The posterior longitudinal ligament (2) is 

dtvided into a superfîciai and deep layer 
a ntl courses aïong the posterior sulfate of 
the vertébral body. The superficial layer 
arises as a continuation of the tectorial 
membrane (p. 6fi) al the hody of the axis 
a ntl ex tends up to the intervertébral di sk 
belween L3 and 14 (Tresrar and Putz). The 
deep layer représents the continuation of 
lhe cruriform ligament of the atlas and ex- 
tends into the sacral canal. In the cervical 
région the superficial layer is braad. 
wheneas it becomes narrower in the 
thoradc and lurnbar légions and fuses with 
the deep layer below L3/L4.The deep layer 
is very thin in the cervical région» whereas 
in the thoracic and lumbar segments it 
for ms a rhombic expansion (3) a t lhe inter¬ 
vertébral disks (4) and the upper marginal 
ridges of the vertébral bodies. In these ré¬ 
gions a firm union is established with the in¬ 
tervertébral disks, thus affording them ex¬ 
tensive protection. A narrow space is pies 
ent between the vertébral body and the 
deep layer of the ligament for veins exiting 
from the vertébral body. 

The longitudinal ligaments increase the 
stabiïity of the vertébral column, particu- 
laity during flexion and extension move- 
ments. They hâve therefore two fonctions, 
nameïy to restrict movement and to pro- 
tect the intervertébral disks. 

The ligamertta fia va (5) extend segmen- 
tally between lhe vertébral arches {6j.They 
bordei the media! and dorsal s ides of the 


intervertébral fora mina. Their yellow eolor 
is due to an interrupted latticework ar¬ 
rangement of elastic fibers which foi in 
most of the bands, Lven at rest these liga¬ 
ments are under tension, During flexion of 
the spine they become more extended and 
help the rrtum of the vertébral rolutnn to the 
erra position. 

The ligament uni nuchae (not shown) ex- 
tends from the extemal occipital ci est to 
the s pi nous processes of the cervical verte- 
brae. The sagittal position pravides attach- 
ment for muscles, and it continues beyond 
the neek as the interspinal and suptaspinal 
ligaments. 

lhe intertransverse ligaments (7) are 

short ligaments between the tra ns verse 
processes. 

The intersptnous ligaments (g) are also 
short ligaments that extend 1>etween the 
spinal pnocesses [9). 

The supraspinous ligaments (10) begin on 
the spinal process of the seventh cervical 
vertebra and exten d as far as the sacrum io 
provide a continuons connection between 
the vertebrae and the sacrum. 

Long and short périvertébral bonds occur 
latéral to the anterior longitudinal liga¬ 
ment, partîcularly in the lumbar and 
thoradc régions. These short bands (11). 
which extend parade! to the anterior longi¬ 
tudinal band, join adjacent intervertébral 
disks. Longer bands may air h over one 
disk. 


12 Superior costotra ns verse ligament 

(p, 68) 

13 Latéral costotransverse ligament 

(p. 68) 

14 Radiate ligament of the head of rih 

(p.68) 
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joints of the Vertébral Column 

(A-E) 

Zygapoptiyseal Joints (Â-8) 

These are the verlebral synovial joints be- 
tween the articular processes (A), Qini- 
caNy* they are also refemed to as vertelrral 
urcb joints or "small vertébral joints", The 
articular copules become lenser in the 
craniocaudal direction. In the cervical ré¬ 
gion they are broad and lax with meniseus- 
irfre infoiüwgs. These pticae synoviales {B), 
enable the joints to l^ear a gréa ter load. 
However, there is relatively Ntt le move- 
ment hetween any two adjacent vertebrae. 
ït is only the combined action of ali the 
participants (vertebrae and intervertébral 
disks) which résulte in cônes pond rng 
muvemente. In the cervical région there ts 
latéral. forwarû. and bcckward flexion, and 
a ïimited rotation. In the thoracic région 
mainly rotation* but to some extent also 
flexion and extension are possible. Jn tbe 
iumbar région flexion and extension essen- 
tiaïly cxxur, aïthougb s/ighr rotation is 
sometimes possible. 

Mcvement in the individual segments of 
the vertébral column is dépendent upon 
lhe position of the articulai surfaces. With 
regard to the cervical vertebrae* the joint 
surfaces assume an appmximately frontal 
position. To be sure, the joint surfaces of 
the third cervical vertebrae exhibit a differ¬ 
ent position (see p.37, Fig, B) in that they 
form an angle of 142° with one another 
(Tufr). in the case of the thoracic vertebrae 
they describe sectors of a cylindrital 
mande and in the ïumbar vertebrae m<ïst 
of the articular facets Ne rather para Ile! to 
the sagittal plane. The locations of tliese 
facets in the Iumbar vertebrae* however* 
tan exhibit a great variation (Putz). 


“ Une overtebral [oints" (C—Ej 

The "uncoveitebrar joints are found in the 
cervical région. The unrinûre processes* 
which are Hat at first, begin to elevate in 
childhood. Between the âges of S and 10 
years* fissures appear in the cartilage 


which assume an articular charactei ; thus 
^uncoveriebrar joints are not present ini¬ 
tial îy but develop secomiarjJy, Appnoxi- 
mately between the âges of 9 and 10 yeani, 
these structures extend as gaps into the 
disks, This i ni tially confers functional ad- 
van Cages* but later in Nfe the fissure may 
develop into a complété teai through the 
disk (EX with a risk of püïpûsus hemiarion 
(see p. 54}. Although untovertebral joints 
are i ni tially physiological structures, later 
they may become pathological due to rup¬ 
ture of the disk. 

Ctinkal Tlp: Clinkaïly, lhe différer liai diag- 
nosis between '‘Lincoveitebrfll joints" jintl trau- 
matic oc pathological changes is very diffieuît. 
Damage to the disk is most common ai CS, whei c 
it may bc visible in a latéral radipgraph as the 
“tordojk trock". 


Lum büsacral [oint 

The lumbosacral joint is the articulation of 
the last Iumbar vertehra with the sacral 
bone* There is a very variable relationship 
between the articular surfaces ami the su- 
perior articular processes of the sacral 
bone, It is asymmetrical in 60% of peuple. 
The iliolumbar ligament (p. 1&Ï) joins the 
costal process of L4 and L5 to the iliac ci est 
and protects the lumbosacral joint from 
overloading during flexion and rotation 
( Niethard ). 

Sacrococ cygeal [oint 

The connection between the sacrum and 
lhe coccyx is often a synovial joint. It is 
strengthened by a superfitial ligament and 
a deep posterior sacrococtygeal ligament* 
an anterior sacnxoccygeal ligament and a 
latéral samococcygeal ligament. 
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Joints of the Vertébral Cofumn» 
continued 

Adanto-ocdpftal Joint {A, D, E) 

The right and ïeft acianio- occipital articu¬ 
lation is a combined joint between the 
atlas and the occipital bone, which in 
sliape corresponds lo an ellipsoid joint (A* 
D). The articular surfaces are the superior 
articuler facets of the atlas and the occipital 
condyte s (t). The joint capsules aie la* and 
permit skîeways bending and foiward and 
Iwckward movements, This "upper head 
joint" is secujed by ligaments, just like the 
‘Tower hea-d joint” 

Atlanto axlal Joints (B-E) 

The so-caïled “lower head joint"* consiste 
of the conjoined médian and latéral atlanto- 
axial joints. hmctionaJIy it is a rofory joinr in 
which movement of 2& to each side is 
possible from the midposition. In the 
latéral joints the articular facets are the in- 
ferior articular facets a[the af/os£2) and the 
superïor articulât facets of the axis (3). The 
rncongi uity of the articular surfaces is re- 
duced by the cartilaginous covering and 
memsttrid synovie/ /o/ds (4), The folds ap- 
pear triangular in sagittal section (C/ The 
articular facets of the médian atlante axial 
joints include the anlerior articular facet of 
the dens of the axis (5/ and the facet for 
dens on the pos/erior surface of the anterior 
arch of atlas (G), ln addition, in the région 
of the Crans verse ligament of atlas (7\ 
which extends behind the dens, there is 
another articular surface on the dens r The 
'Tower head joint”, like the upper one, is 
secured by ligaments. 

The ligaments of both “head joints” are 

the üpica/ figement of dens [8). which ex¬ 
tends from lhe apex of the dens to the 
anterior margin of the foramen magnum. 
The crans verse figement of atlas (7) con- 
netts lhe two latéral masses of the atlas. It 
passes posterior to the dens and stabilises 
it. The transverse ligament is strengthened 
by fonginidmof bonds (9) which run up 


ward to the anterior margin of the foi amen 
magnum and downwaid to the posterior 
surface of the brxly of the second cervical 
vertebra. The longitudinal bands and the 
transverse ligament of the atlas together 
form the cruauté ligament of atlas. 

The akir ffgflments (10) aie paired liga¬ 
ments that arise on the dens and ascend to 
the latéral margin of the foramen magnum. 
They hâve a pmtective function. pre- 
venting excessive rotation between the 
atlas and the axis, The tectorial membrane 
(II) is a broad band which anses on the 
clivus and descends to join the posterior 
longitudinal ligament. 

l he anterior ( 12} and posferfor (13) ûïfanfô- 
ocrÿvtuj membranes consi s t of broad con¬ 
nective tissue fiber bands extending be 
tween the anterior and the posterior 
arches of the atlas, respectively. and the 
occipital bone. 


14 Lrgamenta fl a va 

15 Nuthai ligament 

16 Zygapophysiaf joint 

17 Dura mater 

18 Hyppglossal canal 

MH Cervical vertebrae T to 3 
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The Vertébral Column as a Whole 
(A-H) 

Curvatures of the Vertébral Column 

Jn the sagittal plane the vertébral column 
of the adult shows two anteriorly convex 
secondary curvatures. lordoses, and two 
posteriorly convex primary curvatures. ky- 
pboscs. 

The lordoses are in the cervical and lumbar 
régions (1) and the kyphoses in the 
thoracir and sacral régions (2). The inter¬ 
vertébral disk between the fïfih lumbar 
vertebra and the sacrum is sometimes 
called the promontory {see p.48). 

Cllnkal Hp: The curvatLtre in the cervical ré¬ 
gion is qui te variable, Three types occur between 
the âges of 20 and 30 years. The "Irue Éordosis 1 " ( A) 
is actualîy very uneommen, A double lordosis 
(B), also called a torde*ic bend (p.58), is the most 
common and h t y pi cal o f adu Its in the 3rd dé¬ 
cade of life. tn addition, ihpre may be afrnosr a 
complète absence of lordosis, rhe “attenuated 
form". (C). investigation of différences between 
the sexes has shown chat (rue lordosis is least 
common in fe males, that double lordosis occur s 
with ecjual frequency in both sexes, and that the 
attenuated type is more common in females 
than in males (Drexterf 

A latéral curvature is knowr as «cotions A slight 
degree of scotîûsis is often présent in radio- 
graphs, déviation to the right of the médian 
sagktal plane being more common than to the 
ldi. T he most common pathol ogicaJ finding is 
increased kyphosis (adolescent kyphosis. kyptio- 
sis of old âge). 

The curvatures of rhe vertébral column deveïop 
as a resutt ofthe stresses ol sitting and standing, 
lis load capacify is dépendent on the degree of 
ossification of the vertebrae, so thaï the final 
posture (D) is not achieved until after pufoerty. 
The line of the center of gravity lies partly in 
front of and partly behind the verîebiaî column. 
tn a child of 10 months [ET the curvatures are al- 
ready présent, but the line of the center of grav- 
tly [3) lies behind the vertebtal column. In in¬ 
fants of 3 months (F), rhe curvatures areonly in- 
dicated. 

In adults the vertébral column ïs like an elastic 
rod, the mobility of which is restricîed by liga¬ 
ments, Du ring the agirig process tlie vertébral 
column undergœs varions changes, so that in 


die dderly a réduction in the thickness of the 
disks produces a rather uniform kyphosis ot the 
en tire vertébral coluim and so reduces its mo¬ 
bilité 

Movements of Ihe Vertébral Column 

Forwaré and backward bending (flexion 
and extension) occur primarily in the cervi¬ 
cal and lumbar spine Backward bendings 
particularfy marked between the lower 
cervical vertebrae. the devant h thoracic 
and second lumbar vertebrae and the 
lower lumbar vertebrae, Because of the 
greater mobility in ttiis région, damage and 
injury to the spinal column due to over- 
strain is more frequent here than at other 
levais. In fbrward bendi ng (blue) and back¬ 
ward bending (yellow) of the cervical (C) 
and lumbar (H) spine. changes are seen in 
the intervertébral disks which are subject 
to considérable stress. The degree of Inremf 
fle?don in the cervical and lumbar l égions is 
approximately equal. but it is gréa test in 
the thorade région. 

Rotation is possible in lhe thoracic and cer¬ 
vical région and particularly in the "lower 
head joint" area. Head rotation always goes 
hand in hand with movement of the "lower 
head joint”, movement of rhe cervical and 
slighr movement of the thoracic spine. 
New research [Putz) has shown thaï rota¬ 
tion is also possible in the lumbar région. 
Movement oF 3 e to 7* may occur between 
two vertebrae, 

Movements take place in 'segments of mo ¬ 
tion' (Jungftarms) which are combiner! into 
"zones of motion" ( Putz ). A segment of mo¬ 
tion is the range of movement between 
two vertebrae. This indudes rite inrer- 
vertebral disks with su péri or and infcrior 
hyaline cartilage plate, vertébral joints, and 
ligaments, induding ail spaces. 

The zones of motion are subdivided accord ing t» 
junctrort: 

- cranio vertebra I joints - 3td cervical vertebra 

- 3nd cervical vertebra—Isr [2nd) thoracic 
vertebra 

- lst (2nd) thoracic vertebra-(Il th) 12th 
thoracic vertebra 

- (1 lthJ I2th thoracic vertebra—sacrum 
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Thoraclc Cage 

Rlbs (A-F) 

In each rib we distinguish a bony part, ihc 
os costale, and af the anterior end the 
costal cartilage. 

There arc 12 pairs of ribs* of which the 
upper seven are normalïy connectcd 
dinectly to the sternum and are cal lcd true 
ribs. The lowcr fïve nbs, false ribs. are 
joined indircctly (Sth-lüth) or noi at ail 
(1lth-l2th) to the sternum. The îlth and 
12th ribs can be distinguished boni the 
olhers as floating ribs, 

Each rib bas a head (l), neck (2), and a body 
(3). The border between rhe neck and the 
bndy is defined by the tuberde (4). The 
head and the tuberde (artîcukir facetof the 
tuberde. 5) each hâve an arîicular surface. 
From the 2nd to rhe lOth rib, the cutîcubir 
fiicet of fhe /rend (6) is divided in two by the 
crest of the head of the rib (7). On the upper 
maigin of tire neck of most ribs is the cresf 
of the neck of the rib (8). Latéral and ventral 
to the tuberde is Ibe angle of the rib. With 
the exception of the Ist. 11 rh and I2th. ail 
ribs haw a costaf suicus on the lower sur¬ 
face. 

Conclure*. There are thfee curvalures-of the 
edge, of die fiat surface, and a torsion curvature, 
Although the érigé ruruorure, which is the princi¬ 
pal on e in the Ist rib. is reaüily apparent, the fut 
surface curwture can only be setn on close in* 
spection. tt is présent from the 3rd rib on. If the 
upper surface of a rib Ls viewed near iis amerior 
end and is fbllowed toward tire bade. it will be 
seeii I hal lhe surface slowly tu ms doi salty. In ad¬ 
dition to this turvature. there is a longitudinal 
twist in the rib. which is mosi marked ïn the 
middle ribs ard is called torsion. It is not présent 
in the Ist. 2nd or 12th ribs. 

The hyaline costal cartilage begins to caï- 
cify with ineneasing âge. more in males 
than in females. This reduces mobitity of 
thé thorax (see p. 70). 


Individuel Feattires of Partkular Ribs 

The Ist rib (A) is small and flattened, On the 
inner drcumference of iis crantai surface is 
an area of roughness, the srnfene tyhercfe 
(S), to which the anterior scalenus is at- 
raefted, Posténor to it lies ihe &oove for 
subriervian artery [10). and in front of it is 
fhegroove/orsubdevion vétn (11 ) h which is 
noi always cleafly visible. 

The 2nd rib (B) bas a rough area on ils upper 
surface, the tuberosity for the serrants onfe- 
rior mmtk [12), from which onc partof the 
senatus anterior originates. 

The costal tuberde and costal sulcus aie 
absent from ribs 11 and 12 (DX and the costal 
angle is onty indicated. 

In two-Thirds of cases the lOth rib ends 
freely, Le., it is not connected with the 9th 
rib and with the sternum. The first seven 
ribs aie usually directly connected to the 
sternum, although somerimes the first 
eight may be so assodated, and less com- 
monly only the first six. 

H Variant» Thé number of pairs of ribs is vari¬ 
able. There are usually 12 pairs, but someûmes 
Il or 13 aie fourni When there aie 11 pairs, cer¬ 
vical (see p 36) or lumhar ribs (see p. 42) may bc 
présent. 

Malformations may lead u> fenestrated or ferkerî 
ribs [EJ. Most comrnonly they affect ihe 4îh rib. 

Ossification (FJ 

The cartilage anlagen begin to ossify, pir>- 
gressing from dorsal to ventral by the oral 
of The 2nd intrauterine month. By tiw end 
of the 4th intrauterine month, ossification 
ceases and the ventral part is preserved as 
the rib cartilage. 
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Sternum {A—F) 

The sternum consista of rhe manubrium 
{1 ), the body (2) and The xiphoid process (3). 
Between the manubrium and the bndy lies 
the steniaf ang/e (4). which is npen ïoward 
the back* The xiphoid process is car- 
tilaginous until maturity: with advancing 
âge il may become ossifted complctely or 
reinajrt parrially cartilaginous. At the 
crantai end of the manubrium sterni is rhe 
juguler notch (5) and latéral ro it on either 
side rhe ctovioitar norrte (6). The latter 
articulate with the clavicle, Just below the 
davtcular notch, rhe manubrium again ha s 
an additional paired costal notch (7) for a 
continuous cartilaginous joint with lhe Ist 
ri b. At the sternal angle is a nofch (8) for ar¬ 
ticulation between the sternum and the 
2nd rite The latéral borders of the body 
hâve cosral-notches for continuous con¬ 
nections with ribs 3-7. The costal notch for 
the 7th rib lies just at the point of tran¬ 
sition between Lhe body and the xiphoid 
process. The manubrium and body of the 
sternum are usuaJIy joined by the rnomj- 
briostemof jom£ (synchondrosis see p.68). A 
xiphosfemof joint (sync/iondrosï5) between 
the body and the xiphoid process is much 
less corn mon. 

The xiphoid process varies in shape. It may 
cons ist of o ne piece or it may be forked, 
So meti mes it contai ns a foramen and it 
may be bent forward or backward. 

Sex Différences: The body of the sternum 
is longer in males than in females, and. for 
stema of the same length. that of the male 
is narnower and slimmer than that of the 
female. 


Ossification (E. F) 

The sternum deuelops from paired sfenxtJ 
bonds which are formed by longitudinal fu¬ 
sion of individuaJ rib anlagen. followed by 
fusion of the sternal bands, Jn the région of 
the juguter notch a pnired suprastemaJ 
body forms and subsequently régresses. 

In the preformed cartilaginous pari of rhe 
sternum, ossification starts from several 
bony centers. The first center usualiy ap- 
pears in the manubrium between the 3id 
and 6th intrauterine months, The remain- 
ing centers. usualiy paired, but partly un- 
paired. five to seven in nutnber, then arise 
în the body of the sternum, the most 
caudal appearing in the 1 st year. Fusion of 
the centers occurs between the âges of 6 to 
20 (25) yeats. Second ary epiphyseal an 
lagen may appear in the région of the 
clavicular notch which. however, only fuse 
with the manubrium between the âges of 
25 and 30 years. Between the âges of 5 and 
10 years. two osseous centers may develop 
ïn the tegion of the xiphoid process, 

t i flinkai Tip: A sternal puncturo is rrwde il] tlie 
midîine in the body of the sternum between tbf 
attachmeriîs of the 2nd and 3rd ribs. It musi 
never be ma dé at rhe Jevel of the costosternal 
connections since syrchûndroses can be présent 
here. Likewise, the lower two-thirds of tiw body 
of the sternum should never frr punctured since 
a congénital sternal fissure (see above) condï- 
tioned by the paired ossifie centers can be prés¬ 
ent. 


H Variants; Vlery rarely there are siprasternal 
bores (9). also ta lied the epi sternum, at rhe 
crantai end of the manubrium near the jugular 
notch, Sc me ti mes there is an opening vrithin lhe 
sternum, a congénital sternal fissure (D 10), which 
anses durtng development. 
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Sternum 



A Sternum front lu»nt 



B Sternum Ifomsitk 
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Joints of the Ribs (A~tJ 

Mobility of rhe ribs is a precondition for 
respiration. Thete are connections be- 
tween the ribs and vertébral column 
(joints) and also between the ribs and the 
sternum (diarthroses and synchondroses). 



Costovertébral Joints {A, B] 

Joints of the heads of the ribs (1), Aparî froin 
the lst t 11 th, and 12th ribs, the joints of the 
heads of the ribs ivith the vertébral column 
represenr double-chambered joints, Each 
rib articulâtes with the upper or lower 
border s of two neighboring vertebrae, and 
the intervertébral disk is connected by an 
mfra-orririjfarJigfjmenr of head of rib to the 
crest of the head of the rib, The capsule is 
strengthened by the radia re ligament of 
head of rib (2). 


Cosiot ram verse joints (3). With the ex¬ 
ception of ribs 11 and 12, ail ribs also ar- 
ticulate with the trans verse processes of 
the vertebrae, so that here the rwo joints, 
head of rib and rostofranwerse joints, are 
obligatorily combined. The articular sur¬ 
faces of lhe costotra ns verse joints arc the 
articulai facet of the costal tabercte and the 
costal fovea of the fnansverse process. The 
capsules of these joints are délicate and are 
strengthened by ligaments, the costotra ns- 
verse ligament ( 4 ), induding the tarerai cas- 
turraas verse hgumenl (5) and the sirperlor 
costotransverse ligament (6). 

ïn rhe région of the I2th rib there is. in ad ¬ 
dition, the fumbocostcf ligament, which ex- 
tends From the costal process of the Ist 
lumbar vertebra to the 12rh rib. 

Movements . Sliding movements are 
possible for the Ist rib and ribs 6-9, and 
rotary motion about Lhe neck is possible 
for ribs 2-5. 


They aie always présent between the ster¬ 
num and ribs 2-5, but ribs 1, 6, and 7 are 
joined to the sternum by rarrJfqginüus 
joints, or synchondroses - (7). The sterno- 
costal joints are strengthened by ligaments 
which continue into the sternal membrane 
(S), An tnfra-orfiridarsfernofosral filament 
(S) is always présent at the 2nd sterno- 
costal joint. The other stiengthening liga- 
ments are the radiote sternocostal liga¬ 
ments [10), In the sternocostal articulations 
one must keep in mind that the ribs (see 
p.64) consist of bone and cartilage. The 
joints between the sternum and the ribs 
are formed by the cartilaginous part of the 
rib, This costal cartilage ïoses its elasticity 
ar an early âge due to calcium déposition. 


The interchondral joints are a spécial type 
of articulation which occurs between the 
cartilages of the 6th- 9th ribs. 


11 Manubrinstemal symphysis (joint) 

12 Gavicle 

13 Xiphoid process 


Sternocostal Joints (C) 

Only some of rhe junctions between the 
ribs and the sternum are synovial joints. 
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Structure of the Thoracic Cage 
(A-D) 

The thorax consists of J2 ftoomrir wrfetjrae 
ûnd tfietr intervertébral disks* 12 pairs of 
rib$ and the sternum. The thorax encloses 
the thoracic cavlty which has a stiperior (1 ) 
and an tnferior [2) opmure. While the su- 
petior aperture is relative^ narrow, the in- 
ferior one is very wide. The inferior 
thoracic aperture is limited by the rostnf 
arch (3) and the xiphoid process (4) and the 
superior one by the two First ribs. The angle 
between the right and ïefl costal arches is 
calîed the m/rasfemal origfe (5). 

The rnarked curvature of the ribs in the 
dorsal région and rheir posteriorty directed 
course between the transverse processes 
of the thoracic vertebrae and the costal 
angle makes the posterior thoracic walî 
Project dorsaily, This space h which lies 
latéral to and behind the vertébral cohimn. 
is called the pulmonary groove of the 
thorax. 

Movements of the Thoracic Cage 
(A-D} 

les elastidty makes for great résistance to 
stress. Movernents of rhe thorax resuit 
from a summation of individual move- 
menLs. As limiting positions we distinguish 
maximal expiration (A, B) on the one hand 
and maximal inspiration (C, D) on the other. 
During inspiration rhere is a widening of 
the thorax both in the ventmdorsal and in 
the latéral directions. The expansion is 
made possible (1) by the mobility in the 
costovertehrai joints, (2] by elastidty of the 
costal cartilages which permit twisting* 
and (3) ro a slight extent by inoeased ky- 
phosis of the thoracic tolumn. 

During expiration the ribs aie depressed. 
chus dirnintshmg the size of the thorax in 
the venrrodorsal and latéral direction. AI 
the same time there is some decrease in 
the thoracic kyphosis. The infra sternal 
angle increases. becoming less acuie 
during inspiration, while during expiration 
it becomes more acute. 


The mobility of the thorax is redured by 
calcification of the costal cartilages. The 
shape of the thorax is noï décisive in deter- 
rnining nespiratnjy caparity. The essenrial 
factor is its mobility, i.e„ the différence in 
volume between maximal expiration and 
maximal inspiration, Disorders not only of 
the cartilage but also of the joints cause ré¬ 
duction of total thoracic fonction. 

The forces which move the thorax are 
generaied by the intercostal (sec p. 82} and 
scalenus muscles (see p. 80). The intercostal 
muscles occupy the intercostal spaccs, 
They are primitive metameric muscles, 
which must be mcluded in the autoch- 
thonous thoracic musru la tu te. The larter 
also inctude the tra ns versus thoracis and 
subcostal musdes. The musculature is in- 
nervated by ventral rami of the spinal 
nerves, the intercostal nerves. 
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Intrinsîc Muscles of the Back 

This group tndudes ait the muscles inner- 
vated by the dorsal rami of the spinal 
nerves. Together chey are ca lied the erector 
spinac. lu the livtng body thcre are iwo 
longitudinal colum ns latéral lo the spinous 
processus, which are most marfced In the 
lurnbar région. The musdes lie in an osteo- 
fibrous canal formed by the bones of the 
vertébral arches, the costal processes and 
the spinous processes* Fosteriorly and 
lateraïly this canal is limited by the thora- 
columbar fascia (p,78). We distinguish 
latéral superficie from médial (Jeep tracts of 
the erector spriiae. The latéral tract ru ns 
from the pelvis to the skull and consists of 
bug muscle bundtesJhe médial tract lias a 
"strajgbr and an * oblique " comportent. The 
former includes muscles which run verti¬ 
cal ly, either between the spinous processes 
(interspirai/} of between the transverse 
processes (tnterf ransversai), The oblique 
System consists of short musdes which run 
oblique to the main directions of the space 
(transiwospmol or spinorransversaf}* 

Latéral Tract (A, B} 

The latéral tract, like the médial one t may 
be divided into tra reverse and spinafo- 
tranwersal muscle groups. 

Intertransverse Musdes 

The iiiocostalis (1. 2, 3} consists of the ilio- 
costalis lumborum* the iliocostalis thoracis 
and the iliocoïtalis tervicïs. The iliocosLiMs 
lumborum (1) refends from the sacrum, ex- 
terri al Hp of the iliac cresï and the tfiora- 
cü/umfrar fascia to the costal processes of 
the upper lurnbar vertebrae and the lower 
6-9 ribs. The Oiocosials thoracis (2) sfreltbes 
from the tower six to the upper six ribs, and 
the ilkKostalis cervicis f3) anses fwm the 
6th-3rd ribs and inserts on the crunsverse 
processe s of the sixth ro fourth cervical 
vertebrae . 

Nerve supply: dorsal rami (C4 -L3)* 

The iongissimus (4,5,6) is subdivided into 
the longïssimus thoracis (4) and cervtds 
f5) and the longissimus capitis (6T The 


kmgissimus thoracts orises from the socrum, 
the spinous processes of the tomber verle^ 
brae and the rra ns verse processes of the 
lower thoradc vertebrae and extends to the 
Ist ot 2nd rite. It is arrached mcdially and 
lateraïly: media lly to the accessory 
processes (7) of the lurnbar vertehrae and 
to the transverse processes (8) of the 
thoranc vertebrae, and lateraïly to the ribs, 
the costal processes (9) of the lurnbar 
vertebra and the deep lamina of the thora- 
columbar fascia. The loqgissimus cervicis 
crises from the transverse processes of the 
upper six thoradc vertebrae end extends to 
the posterior tube nies of the transverse 
processes of the second to fifth cervical 
vertebrae. The longissimus capitis origiriates 
from the trans verse processes of the three to 
ftve upper thoradc and the three tower cer¬ 
vical vertebrae and ends on the mastoid 
process ( 10}. 

Nerve supply: dorsal rami (C2-L5), 

Spinotra reversai Musdes 

The spienius cervicis (11} extends from the 
spinous prouesses of the (third) fourth to 
(fifth) sixth thoradc vertebrae to the trans 
verse processes of the first and sec ond cervi¬ 
cal vertebrae. 

The spienius capitis (12} anses from the 
spinous processes of the upper three 
thoradc and the lower four cervical verte- 
brae and ends in the région of the mastoid 
process £10). 

Nerve supply: dorsal rami (Cl -C8)t 

The actions of ail Lhese muscle supplément each 
otber. The fïrsr twe are largely responsable For the 
erect posture of rhe body and then tlte two 
sptemi. when cnntracted on one side r ptudute 
rotation of the head to The same side. They hâve 
an additional supporting fonction fbr the uther 
intrinsic muscles of the back. In the thoradc and 
lurnbar régions the intri nsËc muscles oF the back 
are hetd in plate by the Lhoracolumbar Fascia. 

W Variants: Variations in the nurnber of muscle 
slips b common 

C—XK: f st to 12th ribs 

13 Aponeurosis of the erector spinae muscle 
The levatorçs eostaruni on page 78. 
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Inlrinsic Muscles of the Back, 
continuée) 

Médial Tract (A-C) 

System of Stralght Muscles 

The interspinales are arrangée! segmen- 
tally an<1 aie présent in the cervical and 
lunihar régions. They are absent (rom the 
thoracic région, except between the first 
and second, second and tbird* and eleventh 
and rwetfth thoracic vertebrae, and be¬ 
tween the twelfth thoracic and first lumbar 
vertcbrae. They lînk adjacent spinous 
processes. On either side tftfrc aie 6 inter¬ 
spinales cmûris (1), 4 interspinales Ihoraris 
(2). and S inlerspinales lumborum (3). 

Nerve supply: dorsal rami (Cl -T3 and Tl 1 - 
L5), 

The intertransvcrsani lie latéral to the in¬ 
ters pi na les. The G posterior intertransverarii 
cervids (4) connect the adjacent posterior 
tubenlcs of the transverse processes of cer¬ 
vical vertebrae 2-1. 

Nerve supply: dorsal rami (Cl -C6). 

The 4 médial intertransversariî lumborum (5} 
connecr the momr/tary and occessory 
processes of adjacent lumbar vertebrae. 
Nerve supply: dorsal rami (LJ -L4). 

The spinaiis is dtvîded into the spinaiis 
thoracis. cervids and capïtis. The latter is 
only octasionally présent. The libers of the 
spinaiis thoracis (6) anse from the spinous 
processes of the rhird tombai through tenth 
thoracic vertebrae. Jhey are inserted on the 
spinons processes of thoracic vertebrae 8-2: 
the innermost frbers [from the tenth to 
eighth thoracic vertebrae) are the shortesL 
The libers of the spinaiis cervkis (7) mise 
from the spinous processes of the second 
thoracic through rhe shah cervical vertebrae 
ond msert on the spinous processes of the 
fourth to second cernai/ vertebrae. 

Nerve supply: dorsal rami (C2 -Tl G). 


System of Oblique Muscles 

The rotatores bteves (8) and lopgï (cervkis), 
thoracis (9) (et lumborum) are most promi¬ 
nent in the thoracic région. £och anses 
from a rransverse process cmd runs to the 
next highv r spinous process, or rhe one afte r, 
where rf is inserted rnfo the base. 

Nerve supply: dorsal rami (Tl -TU ). 

The muitïfidus(lû) cnnsists ofanumber of 
small fasriculi (M. multifidus h lumbnrmn, 
thoracis and cervirïs) which entend from the 
sacrum to the second cervical vertebra. It is 
best developed in the lumbar région, The 
individual fascicles orfse from the superfi- 
ciat aponeurvsis of the longissimus muscle ■ 
the dorsal surface of the sacrum, the mamit- 
tary processes of the lumbar vertebrae t the 
transverse processes of fhe thoracic verte- 
brae and the arikutor processes of the 
seventh to fourth cervical vertebrae. The 
muscle bundles cross two to four vertebrae 
and are inserted m fhe spinous processes of 
the appropriât? highcr vertebrae. 

Nerve supply: dorsal rami (C3-54). 

The semispinalix which overlies the nul 
tifrdus lacerally, is divided into thoracic, 
cervical and cephalic (rapïfis) parts. In¬ 
dividual muscle bundles cross five or more 
vertebrae. The fthers of the semlspinalis 
thoracis and cervids ( 11 ) mise from the 
transverse processes of ail thoracic wrte- 
broe. They are inserted in the spinous 
processes of the upper six thoracic and 
lower four cervical vertebrae* The sumispi- 
nalis capitis (12). which is one of the 
strongest muscles of the neck, crises from 
the transverse processes of dre upper four to 
sewen thoracic vertebrae and the artfeufar 
processes of the five lower cervkai verte¬ 
brae. It is inserted between the superîor and 
inferior nuchal Unes of the situf J, 

Nerve supply: dorsal rami (T4 -TB, 

C3 -C6 and Cl -C5). 

The muscles wtuch belong td rhe straigfit system 
fonction as extensors when bath sides are inner- 
vated and unilaterally latéral flexors when only 
one side is innervated. Muscles of rhe oblique 
System funcrion when umlateraüy innervated as 
rota tors and bilaterally innervated as mensors. 
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Intrïnsïc Muscles of the Bade, 
continuée! 


Short Muscles of the Nedc (A* B) 



The paired short nape muscles, the rectus 
capitis posterior minor and major and the 
obliquus capitis superior and inferior, aie 
part of the intrinsic muscles of ihe back, 
and, excepl for the inferior obliquus 
capitis, they. too, belong to the st raight Sys¬ 
tem of the médial tract Bot h recti originate 
from interspinal muscles and the obliquus 
capit is superior from an intertransverse 
muscle. 


Two other short neck muscles. Che rectus 
capitis lateralis and the rectus capitis ante- 
rior, do not belong to the intrinsic musdes 
of the back. The former is one of the 
muscles that hâve migrated from the ven¬ 
tre latéral body wall: it is destribed on page 
78. The an ténor rectus capitis. a preverte- 
b rat muscle, is descri bed on page 80. 


The rectus capitis posterior minor (1) 

nrises from the posterior uibercle of fhe 
atlas and ascends upward in a fan shape, It 
imerrs in the médial région of the inferior 
michal line. It is covered at the latéral 
aspect of its insertion by the rectus capitis 
posterior major muscle. 


The rectus capitis posterior major (2) 

takes its origin from the spinous proce ss of 
the second cervical vertebra and inscris at 
the inferior midmt Une latéral te rhe rectus 
capitis posterior minor muscle, It also 
widens mit in the direction of its insertion 
in a similar fashion as the rectus capitis 
posterior minor. 


The obliquus capitis superior [3) origi¬ 
nales from the tia m verse process of the 
atlas, lr is inserted on the occipital bone 
somewhat above and latéral to the rectus 
capitis posterior major. 


The obliquus capitis inferior (4) runs/rom 
the spinous process cf the second cervical 
vertebra to the transverse process of the 
atlas. 

Ali the short nape muscles act on the head 
joints. Bilateral contraction causes the 
straight and oblique muscles to bond the 
head backward and unilatéral contraction 
of the obliquus capitis superior tu ms lhe 
head sideways. Latéral rotation of the head 
is caused by synergjstic contraction of the 
rectus capitis posterior major and obliquus 
capitis inferior. 

Nervo supply: suboccipital nerve (Cl ), 

CUnical Tlp; The rectus capitis posterior 
major and the obliquus capitis superior and infe- 
rk>r tbrm the subocripftaJ triangle (trigonum a. 
vertebra lis X Here lhe vertébral arlery (sec 
p. 346} can be local ed lying on lhe posterior art h 
of the atlas. Between The artery and lhe posierioi 
arch of the atlas lies the flrst cervical nerve. 
whose dorsal ramus, the sufooccipkal nerve (see 
p. 346 and vol. 3 ) innervâtes these muscles. 

M Variante: The rectus capitis posterior minor 
can be absent or very s ma II on one skie. The réc¬ 
rits capitis posterior major is rareîy absent. 
Sometimes it can he divided intn two muscles. 
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Body Wall 

Thoracolumbar Fascia (A, B) 

The thurâcolumhâr fascia (1) complètes 
the osteofibrous canal formed by the verté¬ 
bral colutnn and the dorsal surfaces of the 
ribs, h imests ait intrinsic muscles of the 
back (2) and comists of fhree foyers. The su- 
perficial = posierkir layer (3) is Firmly bound 
to the tendon of the erector spinae lii the 
sacral région. Ascending in the body jt be- 
comes somewhat thinner and serves as an 
origin for the latissimus dorsi (4) and pos- 
terior inferior serratus (5). In the cervical 
région, wheie lt has become very thin* it 
séparâtes the s pie ni us capitis and splenius 
cervids from the tTapezius (6) and be- 
comes the nuchal faseïa (7 )l 

The deep = animer layer (8) arises from the 
costal processes (9) of the lumbar verte- 
hrae and séparâtes the intrinsic back 
muscies (2) from Chose of the ventroJateral 
body wall. 

The internai abdominal oblique (10) and 
the tra ns versus a bd o minis (11 ) anse from 
the deep layer whrch extends as far as the 
iliac crest. Tlie middk’ èayer lies wïthin the 
intrinsic back muscles. 

The nuchal fascia (7) continues lateraïly 
forward into the superficial cervical fascia 
(see |x 331 }. The nuchal ligament lies in the 
rniddle of the nuchal fascia. 

Extri nsi c Ventra latéral Muscles (A) 

The muscles described are innervated by 
the ventral rami of the spi nal nerves. and rn 
the course of development hâve migrated 
into the dorsal body walL 

The rectos capitis la fera H s nuis from the 
transve rse procès s of the atlas to the jugular 
process of the occipital bone and corre¬ 
sponds developmentally to an anterior in- 
tertra ns verse muscle. 1rs action produces 
latéral head flexion. 

Nerve supply: Cl. 


The anterior întertra ns versa rii cervids 

are six small blindes running between the 
ventral pratufeerances on f/ie fronsverse 
processes of the cervical vertebrae, 

Nerve supply; C2-C6, 

The latéral inrertransvenarii lumborum 

consist of five to six muscle bundles be- 
tween the costal processes of the tumbar 
vertebrae. 

Nerve supply: LI-L4 

The levât ores Costa ru m arise from the 
tmnsverse processes of the seventh cervical 
and the first to eleventh thoraciç vertebrae. 
They reach the costal ongles of the next rib 
below as the short levai ores costarujn, or the 
second rib below as the long Icvatores 
Costa ru m. They are invnlved in spinal rota¬ 
tion. 

Accord!ng to Steufrf these muscles are in¬ 
nervated hy the dorsal rami of the spinal 
nerves and so belong to the latéral tract of 
the intrinsic back muscles. 

Nerve supply: dorsal rami of the spinal 
nerves. 

The posterior supermr serratus (12) origi- 
notes fmm the spinotis processes of the last 
two cervical and the first fwo fhoraric veile- 
hrae and is înserted on ribs 2-5 h which it 
elevates, 

Nerve supply: intercostal nerves (Tl -T4). 

The posterior inferior serratus (5) arises 
from the thoracolumbar fascia in the région 
of the twelfth thoracic and first to thifd 
lumbar vertebrae end usno/fy entends with 
four digitations to the 12th~9th ribs. It 
lowers the ribs. 

Nerve supply: intercostal nerves (T9-T12). 
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Prevertebral Muscles (A, B) 

"J he prévertébral muscles indudc rhe rec¬ 
lus capitis anterior* longus capitis, and Ion- 
gus col IL 

lhe reclus capitis anterior {1} extends 
from the laierat mass of the atlas (2) w rhe 
basa/ part ofthe occipital boire (3). It belps 
to flex the head, 

Nerve supply: cervical plexus (Cl). 

The longus c api fis (4) anses from the ame¬ 
ner tuberde s of the transverse processes of 
the third to sixth cervical vertebrae (5). it 
runs upward and is atlacbed to the basal 
part of the occipital bone (6), The (wo long» 
capitis muscles bend the head forward. 
Unilatéral action of the muscle helps to tilt 
the head stdeways, 

Nerve supply: cervical plexus (C 1 -C4), 

The longus coiii (7) is roughïy triangular in 
shape hecause it consista of three groups of 
libers. The superkir oblique fibers (8} anse 
from the anterior tuberdes on rite rrans- 
verse processes of the fift h to second cervical 
vertebrae (9) and are ùtseried on the anre- 
ilor tuberde ofthe atlas (10). The mferior 
oblique fifeers (11) n/n from the bodies of the 
first to third thoraâc vertebrae (12) to the 
on ferrer tuberde on the frans verse process 
of the sixth cervical wrtebra (13). The mé¬ 
dial fi bers (14) attend from rhe bodfes of the 
upper thoracic and fouler cervtazf vertebrae 
(15) fo the bodies qf the upper cervical 
vertebrae (16). Unilatéral contraction of the 
muscle bends and tums the cervical verte- 
h rat column to the side. Togeïher, bot h 
longi colli muscles bend the cervical spine 
forward. Electromyographic studies hâve 
shown that the homolateral musde is also 
involved in latéral flexion and rotation of 
the cervical vertébral column. 

Nerve supply: cervical and brachial plexus 
(C2-C8). 

Scalene Musdes (A, B) 

Hie scalene musdes représent the cranial 
continuation of the intercostal muscles. 
They anse from the vestigial ribs of the cer¬ 
vical vertebrae. They are The most impor¬ 
tant muscles for quiet inhalation, as they 


lift the first twn pairs of ribs and thus the 
supehor part of the thorax. ïheir action Is 
increased when the head is bent backward 
Unilatéral contraction tilts the ceivital 
column to one sidc. Occasînnally there is a 
sca lenus mi ni mus which anses from lhe 
seventh cervical vertebra and joins the 
scalenus médius, it is attached ro the apex 
of the pleura. 

The scalenus anterior £17) anses /rom the 
anterior tuberdes of the tra ns verse 
processes of the ( third jfourth to sixth cervi¬ 
cal vertebrae (18) and is inserted on the 
anterior scatene tuberde (19) qf the first rib. 
Nerve supply: brachial plexus (C5 -C7), 

The scalenus médius {20) arises from lhe pos- 
terior tuberdes of the trans verse processes 
qf lhe (first) second to seventh cervical 
vertebrae (21). It is inserted inlo lhe ht rib 
behind the subdavian artery groove ond 
inte the externat intercostal membrane of 
the Ist intercostal space (22), In rhis way it 
can reach the 2rtd rib, The attachment al 
the Ist rib is located behind rhe groove for 
the subdavian artery. 

Nerve supply: cervical and brachial plexus 
(C4-C8). 

The scalenus posterior (23) runs from the 
posterior tuberdes on the trans\>erse 
processes of the fifth to seventh cervical 
vertebrae (24) to the 2nd (3rd) rib (25). It 
can be absent. 

Nerve supply: brachial plexus (C7 -C8), 

A scilefw* mini mus musde may be présent in 
about one-thiid of cases, lr arises from the ome- 
rior fuberde nf the trans verse psucess of fl-ku 
seventh cervknf venebro and reaches the fibrous 
wault qf rhe pleura and the ïsr rib. IF the muscle Ls 
absent, a trans verse aipu/ur l^rïmePTt (Hayek) re¬ 
places it 

Nerve supply: brachial plexus (CR). 

Clinkal Tip: Between the scalenus anterior and 
scalenus médius lies the scalene opening (2b). 
through which pass the brachial plexus (see 
p. 360 and vol 3) and the subdavian artery. Ret 
roveision of the arm may oedude the subdavian 
artery between the rib and the riavide, 

Together withtbe tangus colli, rhe scalenus ame¬ 
ner forms the médial wall of the scafenovertebrat 
triangle (27; see p.366). 
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Muscles of the Thoraric Cage 

Intercostal Muscles (A-D) 

In addition to the scalcnc muscles, thc in- 
tercostals are necessary for movemems of 
The chest waJl. These are divided into 

- extemal intercostal 

- internai intercostal 

- subcos tat and 

- tra ns verse thoracic muscles 

The outermost intercostal muscles, theex- 
terital intercostal* (1), extern} from the 
costal tubercle to the beginning of the rib 
cartilage and continue in every intercostal 
space into the extemal intercostal membrane 
where the rib bone merles with the costal 
cartilage, Each of these muscles originale 
from the tower margin of a rib and art in¬ 
serfs at the upper mer^n of a rib, The ex¬ 
temal intercostal* run from superoposie- 
rior to the inferoaotenoc According to 
their function they are known as inspira- 
tory muscles (Fiiit). Recently eïectromyog- 
raphy has shtjwn ihat the extemal inter¬ 
costal* are active only du ring fonctd in¬ 
spiration and that quiet breathing dépends 
on rhe action of the scalene musetes atone 
(see p.BÜ). 

Nerve supply: intercostal nerve* (Tl -Tll). 


The internai intercostal* (2) rua from cite 
costal angle to the sternum in every inter¬ 
costal space. They crise from the superior 
morgin of the irmer surface of the rib and 
are inserted in ffie région of the costal 
groove. From the costal angle médially 
toward the venebrae. the internai inter¬ 
costal* aie replaced by ligamentous fjhers, 
which are known as the internai intercostal 
membrane. 

In the région of the costal cartilages they 
may be referred to as ifitercartitagmous 
muscles (3) + 

A portion of each inner intercostal muscle 
is separated off as the intercostales intimi. 
Between lhem and the internai intercosials 
lie the intercostal nerve and vesseîs. 


The direction of the internai intercosials is op¬ 
posite lo that of the externat muscles, l& n they 
run from înferopostertor to superoanterioc. 

According to Flelf they are expira toi y muscles, 
i.e.. they are actîvated only when the rihs are 
towered.ïhe intercartHaginous muscles, pai ticu- 
Urty those of the 4th-6th intercostal spaces. ad 
as inspiratory muscles by virtueuf their position 
in relation to the sternum. 

Nerve supply: intercostal nerves (Tl. -TU). 

The subcostal* (4), which lie in the région 
of the costal angles, consist mainly of fi bers 
of rhe internai intercostal muscles Thaï ex- 
tend over several segments. They hâve thc 
sa me function as the internai i nie trustais. 
Nerve supply: intercostal nerves (T4-T11 ). 

The tranwersus thoracis (5) avises from 
the mtemal surface of the xsphdà process 
and the body of the sternum, lis fi bers run 
in a laterocranial direction and are at - 
tached w the fower border of the 2nd - Êta 
costal ccrrf/bges. 

The direction of the mus de slips fans out, i.e„ the 
uppermost slip ascends steeply upward, whereas 
the lowermost slip courses paralfeT to the trans- 
versus abdominis muscle. A sharp buundary be¬ 
tween the transversus thoracis and the transver- 
sus abdominis is only rhen attained when the 
engin of t he costal part of thedlaphragm (p. 102) 
is well dewloped from the 7th rib. The transver- 
sus thoracis functions in expiration. 

Nerve supply: intercostal nerves (T2 -T6). 

M Variants: Numenous variations are known. 
Rigbt and left musdes are frequent ly formed 
asymmetrically. Sometimes it can be absent, tire 
number of slips can vary. 

dînical Tlp: The internai thoracic artery and 
sein course ventral to the tra ns ver sus thoracis. 
When the muscle is stningty developed. the 
artery is diffïcult to expose during coronary by- 
pass ope rations. 
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Abdominal Wall 

The abdominal Wall is limited supertorly 
hy the infra s terri al angle and infcriorly by 
the iliac crest. the inguinal su lois, and the 
pubic sulcus. Under the abdominal skin lies 
the more or less extensive subçutaneous 
fatry c issue. which is separated from the 
muscles by the superfkial abdominal fas- 
cia, The framcwork of the abdominal wall 
is provided by the abdominal muscles, The 
superficial abdominal muscles are so ar- 
ranged as to produce the greatest possible 
degree of effectiveness, Individuel abdomi¬ 
nal muscles dcvelop from several myo- 
tomes and are thercfore innervated by 
several segmentai nerves. This makes 
possible régional contraction of the ventral 
muscles. 

Superficie Abdominal Muscles: 

/crf era/ group: 

Exremal abdominal oblique 

- Internai abdominal oblique 
Tram versus abdominis 

Medm/ group: 

- Rectus abdammis 

- Pyramîdalis 

Deep Abdominal Muscles: 

Quadratns lumbomm 

- Psoas major 

Hattened ligaments, the aponeuroscs of 
the latéral abdominal muscles, enclose the 
reclus abdominis to Form the reclus sheath 
(see p.88). 

Superficiel Abdominal Muscles 
Latéral Group (A-C) 

The external abdominal oblique [1} ünses 
with eight s/ips on the outer surface of the 
5th- 12th ribs (2). Between the 5th and 
(Rth) 9th ribs it interdigitates with the slips 
of the serra tus anterior (3) and between 
lhe tOth and I2th ribs with those of the 
latissïmus dorsi (4), 


fondamental ty, the direction of its fibers is 
from superolaterally and poslerior toward 
inferomedially and anterion The fibers 
which corne from the three kïwest ribs ex- 
tend almost vertically clown to the iliac 
crest and its labium externum (5), ami the 
remai nder run obliquely From supero la fer¬ 
ai ly to inferomedially. where they merge 
iutn a Hat aponeurosis (6}. The transition of 
the muscle fibers into the aponeurosis fûl- 
Jows an almost vertical line which is 
covered by the margîn between the car¬ 
tilage and bone of the 6th ri b. Ba reîy above 
the anterior superior iliac spine, the tran¬ 
sition of the muscle fibers into the 
aponeurosis Cakes place in a tra ns verse 
plane. One speaks here of a “muscle edge." 
The lowermost portion of this aponeurosis 
is continuous with the inguinal ligament. 

The superfieial inguinal ring lies in the mé¬ 
dial région directly above the inguinal liga¬ 
ment and is bordered by lhe médiat (7) and 
lofera/ ( 8 } crus as well as by interavrol 
fibers (S; p,96). The attachment of the ex 
ternal abdominal oblique is located in the 
midline, Here, the aponeurnses of the ri glu 
and left muscles are interwoven wiih one 
a nocher and with those of the other latéral 
abdominal muscles to fbrm a fi brou s 
raphe, the linea alba ( 10). 

Nerve supply: intercostal nerves [T5 -Tl 2). 

■B Variant i: The muscle may hâve mnre or 
fewer slips of Drigin. Tendinous intersections 
may be presenL Jhere may also bç connections 
with the nearby hit issu nu s dorsi and senratus 
anterior 
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Superffdal Abdominal Muscles 
latéral Group (coittinued) (A. B) 

The internai abdominal obliqué (I) origi¬ 
nales al tho intprmediûte line o/ the î/kk 
cresf (2), at the deep loyer of the thoraco - 
lumbar /asdtf and at the aiîterior supcrior 
itiac spïrae (3). Individual fibers can also 
arise from the inguinal /(gomenf (4). 

The muscle ta kes a fan-shapcd, predomi- 
nanlly ascending course, and ihus. three 
parts can be distinguished on the basts of 
their attachments 

lis crantai portion inserfs at the toiypr mar- 
gins of the iast three ribs (5)l 
The middlé part (6) mnimurs mediafly info 
rhe oponpürosis, whicfi is divided info anfe- 
rlor and posferior loyers. These layers form 
the Framework of the reclus sheath (see 
p.flft), and they reunite in the linea alba. 
t he anterior layer complctcly envers the 
reclus abdomtnis T but the posterior foyer 
ends about S cm below the navel as a 
cranïally convex Une. the arcuate line. As 
this margin h not always sharply défi ne d, 
tt is more correct to speak of an area ar- 
cuata ( Lanz ). 

Us caudal part is continued in the male into 
the spermatic cord as the crerraasfer musclé 
(7), The development of the cnemaster 
muscle is subjected to great variation. In 
the female lhe muscle bundks vvhich 
reach the round ligament of the utérus are 
distinetty weaker and are designated as the 
round ligament pari of the internai abdom¬ 
inal oblique. 

Net ve supply; 

Internai abdominal oblique: intercoscaï 
netves(T 10-TT2 and U). 

Cremaster muscle: génital camus of the 
genitofemoral nerve (L1 -L2). 

Ml Variants-; Réduction or intrease in the num 
ber of slips inserring ou the ribs as well as of teu- 
dinous intersections may octur. 


Thé crans versus abdominis (8) anses hy 
six s%s from the tmiet surface of the car¬ 
tilage of ribs 7-12 (9): ils slips inierdigilate 
wiîh those of the costal part of the dia- 
phragm. They are aitached dtrectly to the 
origïns of the transvers us thorads muscle. 
tt also takes its arïglnfrom the deep layer of 
the thoiacotumhar fasâa. the inner tip of 
the itiac cresX ( 10), the anterior superior ifiac 
spine ( Il ) and the inguinal ligament {12). Its 
fibers run transversely to a me dial I y con¬ 
cave line whîch is known as the serraifrmar 
/me. The aponeurosis begins at thrs line. Il 
is cranial to the Unes or area areu ata and 
participâtes in the formation of the poste¬ 
rior layer of Ihe rectus sheath. 

Caudal to the area armata (see above), the 
aponeurosis only forms the anterior layer 
of the rectus sheath. The transvers us 
abdomints participâtes via its aponeurosis 
in the Hnea alba. The inguinal faix (see 
p.92), a band which is concave laterally, 
runs from the aponeurosis to the latéral 
margin of the alla ch ment of the rectus 
abdominis muscle. 

Nerve supply: intercostal nerves (T7-T12) 
and LT 

Mi Variants: The iransversus abdominis may 
fuse completely in its lower région wiih the in¬ 
ternai abdominal oblique, aiid because of this fl 
is someiimes called the comple* muscle, There 
aie reports in the Jirerature of its complété ab¬ 
sence. The mimberof hands of origin may be in- 
crcased or decreased. 
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Tronic Abdominal Wall 


Superfldal Abdominal Mosdes, 
continued 

Medlal Croup (A-D| 

The reclus abdominis (1) arises by three 
slips from the mter surface af fhe corfitages 
of the 5th- 7fJi rihs (2), lhe xtp/roid pracess 
(3), and lhe inferverring ligaments, II de¬ 
scends lo tfic pubic crest (sce p. 186), In ils 
course down near the level of lhe umbilh 
eus there are three tendinous intersec¬ 
tions; sonneti mes there are another one or 
two below il 

Nerve supply: intercostal nerves (15 -Tl 2), 

NI Variante: Jtie muscle may anse from more 
rfbs or, rarely, may be emirely absent. 

The rectus abdominis lies within the rec¬ 
lus sheath. Thi s is forrned by the 
aponeuroses of the Lhree latéral abdominal 
muscles Corning together in such a way 
that above the arruafe Ürte (4) the 
aponeumsis of the internai abdominal ob¬ 
lique (5) divides into an anrerior{6} and a 
posterior lamina (71* The aponeurosis of the 
external abdominal oblique (8) strength- 
ens the anterîor lamina and lhai of the 
transversus abdominis [9) strenglhens lhe 
posterior lamina of the sheath. In the ré¬ 
gion of the linea alba (10) there is partial in- 
tertwining of the fibers (B), 

Belween the individual aponeurotic fihers 
there is a fatty infiltrate. The linea alba ex- 
tends as far as the symphysis and is 
strengthened at the superior margin of lhe 
pelvis (11). Below the arcuate line lhe rec¬ 
tus sheath is incomplète, since the 
aponeuroses of ail the latéral abdominal 
muscles run in front of both rectus 


muscles, and tbe inner si de of lhese 
muscles is covencd only by the transver¬ 
sal^ fascia (12; sec p. 92) and the peri¬ 
toneum (C), ln Lhe région of lhe origin of 
the rectus abdominis lhe rectus sheath is a 
Ihin fascial structure representing a con¬ 
tinuation of the pectoral fascia. 

CHnkal Tïp: Séparation of the reclus muscles 
and an abnormal increase in the vs-iclth of the 
linea alba is of clinical importance (rectus diasta- 
sti; see p. 96), 

ünty the amerior surface of the rectus abdominis 
muscle iyfused tolhe rectus shcalh in the icgjon 
of the intersecting tendons TheieFooe abscesses 
or collections of pus ean only form between two 
intersections on the an ténor surface, while on 
rhe posterior surface they may entend a Ion g lhe 
en tire rectus muscle. 

The s mal), triangular pyramidalis (13) 
crises from the pubis, radiales mro lhe fineo 
cfba and lies within the aponeurosis of the 
three latéral abdominal muscles, It is sup- 
posed to be absent în 16^25% of cases. 

Careful examination reveals that the py- 
ramidalis is présent in most cases, al- 
though variable in its development We 
hâve found it in 90 % of cases, so that in 
only 10& of cases no muscle fi bers were 
seen. The sole fu ne lion of the pyramidalis 
is to tense the linea alba. 

Nerve supply: Tl 2 -U, 
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fonction of the Superficiel 
Abdominal Musculature (A-D) 

The superficiel abdominal muscles with 
their aponeuroses form the basjs of the 
anterior and latéral abdominal walL 

Together with the deep muscles, the psoas 
major and the quadratus lumborum, they 
an? necessary for movement of the trunk. 
In addition, the anterior and latéral 
abdominal muscles act on the intra- 
abdominal spacc. Their contraction pro- 
duces an incnease in intra-abdominal pres¬ 
sure. The diaphragm and the pelvio floor 
are also involved. This is necessary, for ex¬ 
ample, when the bnwels are opened. H- 
natly. they may be important du ring respi¬ 
ration, when the recrus abdominis con¬ 
trats in fbrced expiration. 

Basically, ail the superficial muscles act to¬ 
ge ther to produce the different movements 
conditional on the tension of the 
aponeuroses within the linea alba. The 
direction of tension (A) in the indivjdual 
muscle h bers is such thaï they supplément 
one another. 

The rectus abdominis fgreen) ruas tranio- 
caudally and is subdivided into several seg¬ 
ments, Most of the fibers of the external 
oblique abdominal (red) run obliquely 
from superolaterally to inferomedially, 
white those of the internai oblique abdom¬ 
inal (blue) extend inferolaterally to supero- 
medially. The transverse abdominal 
muscle (violet) ru ns transverseïy from 
latéral to médial. 

In indivjdual movements the function of 
each muscle may vary. 


Latéral flexion (C) is achrcved by contrac¬ 
tion of the external oblique muscle of the 
abdomen (red). the internai oblique 
abdominal muscle (blue) of the samc side, 
the quadratus lumborum muscle (not 
shown) and the intrtnsic muscles of the 
back (not shown) of the same side. 

Rotation (D) follows contraction of the in¬ 
ternai oblique abdominal (blue) on the 
same side (Le., the side toward which the 
body is rotated) and the external oblique 
abdominal of the opposite side. 

It should be understnod that the external 
oblique abdominal (red) and the internai 
oblique abdominal (blue) of the same side 
sometimes act synergislically (in latéral 
flexion) (C). and sometimes are antagonists 

m 

The transverse abdominal (violet) is 
mainly active in abdominal pressure, so 
that bot h transverse muscles may constrîct 
the abdominal cavity. In addition, duriqg 
expiration, their contraction may poil the 
diaphiagm upward. 

Cfinkal Tlpc During contraction of the 
abdominal muscles. particularly In reaching the 
upright posture from the supine position, il 
should be noted that the iliupsuas muscle ( p. 94) 
plays an essential part. In a thin persan, the ten- 
dinous intersections {p. 88) of the recrus muscles 
and the strands of origin of ihe ealemal oblique 
muscles may be deariy seen. Any damage to the 
rectus muscles, such as a rectus diastjsis [p. 96 ), 
can he seen. In addition, reflex contractions of 
the superficiel abdominal muscles in intraperi¬ 
toneal inflammations (reflex contraction of the 
abdominal muscles) may he observetL 


Flexion (B) of the trunk is essentially a 
movement of the rectus muscles (green l 
They are assisted by the oblique muscles 
(not shown). 



lunction ol the SuperBcial Abdominal Musculature 91 




l LaU'ia) llexiuu 



B Antei toi fie mon 



D bit «-r.il mtatum 


Trunk 












Trunk: Abdominal Wall 


Fasdas of Abdominal Wall (A, B) 

The abdominal wall car be divided into: 

- The skin 

- The subcutaneous fairy tissue 

- The connective tissue lamellae 
(Scarpa + s fascia) 

- The superficiel abdominal fascia 

- The muscles and their fascias 

- The transverse fascia 

- The peritoneum 

The connective lissue lamellae permeating 
rhe subcutaneous fatty (issue fonn the 
membraneux Layerof the subcutaneous tissue-of 
abdomen or Scarpa’s fascia (1) which is ar- 
ranged in the caudal région of the abdomi¬ 
nal wall in rhe inguinal régions and in the 
pitbic région, The fatty tissue in thïs région 
is cailed the fatty layer of Üie abdomen Both 
structures together form the subcutaneous 
tissu? of abdomen. The membranous 
abdominal layer, which continuous onco 
the thigh. is of significance to the surgeon 
because the larger subcutaneous vascular 
trunks are situated between it and the true 
superficial abdominal fascia. A portion of 
the connective tissue lamellae which is 
continued in the direction of the sexual or- 
pns is also designated as the fundiform 
ligament or the pénis (2) or dit orh. 

The abdominal fascia (3) represents a thin 
plate which is strengthened only in the ré¬ 
gion of the linea alba (p.96) and covers the 
entire ante ri or abdominal musculature 
and its aponeuroses.The portion of the fas¬ 
cia situated in the midline continues into 
the etastrcrich fïbers of the suspensory liga¬ 
ment of the pénis (4) or djtoris. Thïs ligament 
embraces the corpus cavemosum pénis or 
clitoris with two cniKL 
In the région of the superfïcial inguinal 
ring the fascia fuses with the extension of 
the aponeurosis of the external abdominal 
oblique to form the external spermatk 
fascia (5), which provides the ou ter cover- 
ing of the spermatic cord. With the 
aponeurosis of the external abdominal ob¬ 
lique it is more ftrmly bound also in the re 
gion of the inguinal ligament and then con¬ 
tinues in the fascia of the thigh (6). 


The inner loose abdominal wall fascia. tiw 
transversale fascia (7), covers the inner 
surface of the abdomi nal muscles. It is tant 
in the umbilical région, where it may be 
called the umbilical fascia (S). 

This fascia is also reached by connective 
tissue lamellae with embedded fat cetls 
which pass upward froni the apex of the 
urinary bladder. They contain the urachaî 
coFd and the cords of the umbilical arteries 
and can be designated as the vesicoumbili- 
cal fl brous septum. Thïs septum strength- 
ens the transversalis fascia. 

In caudal direction the transversalis fascia 
fuses with the inguinal ligament to form 
the iliopubir tract (9), thus constituting tire 
posterior watt of the inguinal canal (see 
p.96ff.). ît extends from the inguinal liga¬ 
ment into the iliac part of the iliopsoas fas¬ 
cia. which covers the iliac muscle (10), Su 
perioiiy it covers the diaphragm and poste- 
riorty the quadratus lumborum and psoas 
major as iliopsoas fascia. 

In the région of the inguinal canal the 
transversalis fascia, strengthened by 
aponeurotic fi bers of the tran s versus 
abdominis. thickens to form the interfovL 1 - 
dar ligament (11; see p. 9B). Attached medi- 
ally to the reclus abdominis (12), the trans¬ 
versale fascia extends as a hand rovering a 
radiation of the aponeurosis of the trans 
verse abdominal muscle and is firmly at¬ 
tached to it. This band, which is latérally 
concave, extends behind the reflex liga¬ 
ment (p.96) to the lacunate ligament 
(p. 100k where it is in close contact with 
the inguinal ligament, and is called the in¬ 
guinal faix (13) or conjunctival tendon. 
Latéral to the interfoveotar ligament the 
transversalis fascia evaginates at the deep 
inguinal ring ( 14) to form the internai sper¬ 
matic fascia. Below the inguinal ligament 
lies the fémoral canal (15). 

16 Cord of umbilical artery 

17 Urachal cord 
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Deep Abdominal Muscles (A, B) 

The psoas nujor (1) ts subdivided into a 
superFkial and a deep part, The superficial 
part anses from tiw latéral surfaces qf tiw 
twelfth tfiuracic and rhe /trsf fo fmrth tum - 
bar vertebrae (2) as well às their tnterverW- 
brui disks. The deep part arises from the 
costal processes af the ftrst fo /r/fft lumbar 
m M vert, ebra e (3). 



The psoas major joi ns the iUacus and, sur- 
lounded by the iliac fascia. entends as the 
iliopsoas f4) rhrough the lacuna 
musculorum to the trochanter minor (S). 
The lumbar plexus runs between the two 
layers of the psoas major (see also p. 234). 
Nerve supply: direct branches from the 
lumbar plexus and the fémoral nerve (U - 
L3). 


The psoas major extends over several joints 
and ts capable of considérable élévation of 
the leg. The iliacus muscle (see p. 234), 
with which it joins to form the iliopsoas 
muscle, ts a powerful fl exor and thus 
suppléments the action of the psoas major. 
In lhe retombent position both psoas 
muscles help To lift lhe upper or lower half 
of the bcdy. In addition, the psoas major 
tan give slighl assistance in latéral flexion 
of the vertébral col uni n. 


Sometimes a psoas minor is found, sp/if off 
fwm the psoas major, which enters into the 
iliac fascia and inserts on the ifiopubic emï - 
nence, lt acts as a tensor of the fascia (see 
P- 234). 

Nerve supply; direct branch from the lum¬ 
bar plexus (LT -13). 


Cftrikd Tçn The fascia surrounds the psoas 
major as a tube, psoas jàsaa r stmching from lhe 
médial lumbocostal arch (see p. 102) to the thigh, 
Thus, any inflammalory processes in the (horacic 
région cart extend wilhin the fascial tube to ap 
pear as wandering abscesses as far down as the 
thigfr 


The quadratus lumboruiii (6) exiends to 
the I2th rib (7) and to the costai processes of 
the first to rhird (founh) lumbar vertebrae 
(8), If arises from the inner frp of the ifiac 
crest (9), This muscle consists of two in¬ 
complète ly separated layers. The ventral 
layer reaches to the 12th rib and the dorsal 
layer is attached to the costal processes. 

The quadratus lumborum muscle lowers 
the I2th rib and aids latéral flexion of the 
body, 

Nerve supply: T12 and LT -13. 

10 Médian arcuate ligament 

11 Médial arcuate ligament 

12 Latéral aima te ligament 

13 Diaphragm (costal part) 

14 Extern al abdominal oblique 

15 Pecîineus 
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Sites of Weakness în the Abdominal 
Wall (A D) 

Sites of weakness in the musculoapo- 
neurotïc abdominal wall are the sites at 
whirh lier nias lend to develop. A hemia is 
rhe escape of abdominal contents from the 
original body cavity, These contents lie in a 
bernial ^ac. a secondary protrusion of the 
peritoneum which cornes through the 
hemiûl orifice in rhe abdominal wall. Sites 
of weakness in the abdominal wall are: the 
Iinea alba. umbifirus. Inguinal région. 
femoraî canal turnbar triangle, and surgicaf 
scars. 

Lines alba 

The Iinea alba (I) is fonned by interlacing 
of the aponeuroses of the latéral abdomi¬ 
nal muscles and is a tendinous raphe lying 
between the rectus sheaths. It ends at the 
upper maFgin of the symphysis, On the 
dorsal surface it widens near its attach- 
ment and ends as a triangular plate, the 
posterfcr «machinent of Iinea alba (admini- 
cutum of the Iinea alba). Above the umbilicus 
(2] it is 1-2 cm wide. while below it the 
recti muscles (3) he doser to eaeh other 
and the Iinea alba is narrower. Under 
pathological conditions when the te is a fat 
pendulous abdomen, or during pregnancy. 
the two recti niay sépara te, produc ing rec¬ 
tus diastasis (AJ. A relatively small epigastric 
hemia (4) may develop in the Iinea alba. tl 
develops from an enlargemeni of a small 
hole within the iinea alba. An epigastric 
hemia niay expand into a ventral abdoron 
nal wall hernîa. 

Umbilicus (2) 

it is produced by fusion of the structures 
that originally protruded from the umbïii 
eus with the adjacent tissues, and is rein- 
forced by connective tissue. If the umbiîicaï 
ring is stretched. as during pregnancy. an 
umbitkal hemia (5) may occur. 


Sears 

inciaonal heniias [6) may develop at the site 
of surgical scars. 

Inguinal canal 

The inguinal canal is produced by apposi¬ 
tion of the latéral abdominal wall muscles 
and it extends cbliquely through the 
abdominal wall. The anterfer wall of the 
canal is fonned by the aponeurosis of the 
externat abdominal oblique (7) and the fluor 
by the inguinal ligament. The poster k>r wall 
consists of the fransversolis jascio. while 
the roof is formed by the caudal margin of 
the transversus abdomims . The deep idgui- 
iuI ring (see p.98) is the internai opening 
and the superficiel inguinal ring (8) is a slit- 
like opening in the aponeurosis of the ex- 
ternal abdominal oblique. The superficial 
inguinal ring (8) is onjy visible afier dis- 
secting off the external spcrmalic fascia (9) 
away from the extern al abdominal oblique. 
It is bounded by concentrated fiber 
bundles of the aponeurosis. the medîol crus 
(10). the Coterai crus (11). and the inrer 
entrai fibers (12). Posteriorly. the superfi- 
cial inguinal ring i s rein forced by the re- 
Jlected inguinal tigamenf (13) whirh repiie- 
senrs a division of the inguinal ligament 

In the male, the spermatic cord, whkh is 
enclosed by the cmnnsrme fascia and 
cremaster muscle (14). ru ns through the in¬ 
guinal canal In the femaïe, the round lige 
ment of the utérus and lymptootfcs run 
through the inguinal canal (see vol. 2). 
These lymphatic vessels arise from ihe 
uterine fundus and drain into the superior 
superfinal inguinal lymph nodes (p.4M), 


15 Fémoral hernia (p. 100) 

16 Indirect inguinal hernia (p. lüü) 
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Sites of Weakness in the Abdominal 
Wall* continued 

Inguinal Canal, continued (A* B) 

ïnctslng the apuneurosis (1) of tine externai 
abdominal oblique reveals the imemo/ 
abdominal oblique (2). In the male, several 
of ifs fibers continue into the spermatic 
cord as the tremüsrer musdc (3). Another 
portion (4) of the fibers of the cremaster 
muscle originates from the inguinal Hga- 
« ment, Since the muscle hbers are 

î developed very differently, the entïre 

£ middle covering of the spermatic cord has 
heen designated as the cnemusleric/ascia 
with ils uccumpunying rrpmusfcr musde 
(5). In the female, these few muscle fibers 
aie referred to as the round ligament part 
of the internai oblique. 

Tïte rnansversüs ubdomMs (6) forms the 
roof of the inguinal canal and is rendered 
visible only after cutringthrough the inter¬ 
nai abdominal oblique (2) and the cremas- 
te rie fa scia (5)* The deep inguinal ring (7) is 
formed by the évagination of the fmusver- 
salis /usria (8] which continues as the in¬ 
ternai spermuric /asder (9), the innermost 
coveFing of the spermatic cord* 

Abdominal Wall from Irtside (CJ 

Bot h openings of the inguinal canal, the 
deep and superficial inguinal rings, repri¬ 
sent sites of weakness in the abdominal 
wall. By examination of the abdominal wall 
from the inside (C), where the innemnost 
layer, the peritoneum, is preserwd, we see 
that it is depressed in two places, de¬ 
scri bed as the latéral inguinal fessa ( 10), cor 
responding to the deep inguinal ring that 
lies beneath il, and the media! inguinal frasa 
(11), corresponding to the superficial in¬ 
guinal ring. 

Removal of the perineum reveals the trans- 
versa/is fascia (8) which exhibits various 
strengthening tracts, Along the inguinal 
ligameni is the ïïïoputrïc tracr (12). and be- 
tween médial inguinal fossa and latéral in¬ 
guinal fossa is the mfer/bveolur ligumenf 


(13). This band shows great variation in ex¬ 
pression* Caudally, it is interwoven with 
lhe iliopubic tract. CTanially* it may radiate 
over a wide area and may partidpate as 
semdunor fold in forming the médial 
boundary of the deep Inguinal ring (7). 

The interfoveolar ligament may sometimes 
contain muscle fibers and is lhen known as 
jnter/oveoJür muscle. In this région the infv- 
rior epigûstric artety and vein (14) are 
found, which créa te a peritoneal fold that 
is called the epigûstric fold (15). Brro- 
neoLisly, it is aise known as médial umbili- 
cal fold, although it does not reach tlie 
umbilicus. 

When examining the abdominal wall from 
the inside. we find lhe supravesical fossa ( 16 ) 
in addition to the latéral and media) ingui¬ 
nal fossae: it is médial to the latter and 
separated from it only by the cord of the 
umbilicul orrery (17)- Hernias may develop 
at any of these three sites (see p. 100). 

Clin Je ai TifK The ingumüf triangle* or Hessel- 
bach’s triangle. isthe région delimited mediotly by 
the latéral margin of the reclus abdomirtis 
muscle* oouduWy by the peptineaj ligament 
(p, 100). and lalerally by the externai iliac artery 
and vem and inferiür epigastric artery and vein. 
The triangle earries three weak sites nf the 
abdominal wall. nameiy, the medicJ inguinol 
fossa ( 11X the suprovesioa! fossa (16), and the 
/emoral atrial [18. p. ÏÜÜJl H has reeently regained 
importance in connection with minimaJIy inva¬ 
sive surgpry. 


19 ReDected (inguinal) ligament 

20 Externai spermatic fascia 

21 Cut trtargin of the peritoneum 
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Sites of Weakness In the Abdominal 
Wall» conftinued 

Hemias in the Inguinal région {A) 

The latéral, médial inguinal and suprave- 
sicuJar fossae are régions of minimal re¬ 
sis rance. Under cerrain circum stances ihey 
become stretched, bulge out and Inguinal 
hemias may occur. Two types of inguinal 
hernias are d istingui s hed—direct and in¬ 
direct—and hodî traverse the supetftciul fit- 
gu mai ring. The direct inguinal hernia (1) bas 
Us hemial orifice in the media f ingi/înül 
Jbssa, An Indirect inguinal hernia (2) pusses 
through the inguinal canal (and is the refore 
aiso known ciinically as hemia of rhe 
canal), it uses as points q f exit the latéral in¬ 
guinal fossa and the decp jipinof ring. 
Another type of hernia, the supraveskal 
hernia (3). leaves the abdomen through the 
suprtrvesfcttf/ossa; its hernial orifice, there- 
fore, lies médial to the obliterated ombili¬ 
cal artery (4). The point of passage of this 
hemia through the abdominal wall is aiso 
the superficial inguinal ring. 


the iliopecfineal arch (9). In the médial pan 
of the vasctilar space, médial to the large 
fémoral vessels, lies the fémoral canal (S). 
Il is bordered mediaUy by the lacunar 
ligament (10), which merges with tiw dor¬ 
sal border of the pectîneal ligament (ie.. 
Cooper’s ligament) across a ligamemous 
arch, the processus falciformis lacunaris. 
The canal is closed by loose connective tis- 
sues, the fémoral septum (11 ), 

The lymphatics pas s through this fémoral 
canal. It aiso contai ns the ckep ingu mal 
tymph node (12), aiso known as Cloquet’S 
node. In cases of excessive intra-abdominal 
pressure combiner! with weak connective 
rissue. a fémoral hernia may resuit. A 
fémoral hernia can be differentiated from 
an inguinal hemia by its position in rela¬ 
tion to the inguinal ligament and to the 
scrotum or the labium majus. Only an in¬ 
guinal hernia can reach the scrotum or 
labia majora, while a fémoral hernia ap- 
pears in the thigh. Fémoral hernias occur 
three rimes more often in women than in 
men. 


The direct inguinal hernia and the su- 
pravesical hemia are difïicult to distim 
guish from the outside, They are always ac- 
quired hernias, while indirect inguinal 
hernias may be acquired or congénital. 
During the descent of the îestis in males. 
the processus vagin ahs. an évagination of 
tbe serosa, is carried a long into tbe 
scrotum. It later becomes obliterated and 
loses ail previous connection with the peri¬ 
toneal cavity, so thaï only a closed serais 
sac, the tavum serosum scroti, remajns, In 
some cases, however, a connection perasts 
and there may be then a congénital ingui* 
rial hernia with a patent processus vagi- 
nalis. 

Fémoral canal (B) 

Tbe te moral canal (S) represents an addi- 
tional possible site for hemiation. The 
fémoral canal lies behfnd the inguinal liga¬ 
ment (6), within tbe vascular space (7). the 
médial fémoral aperrure. Laterally this is 
separated from tiw muscular space (S) by 


Lumbar triangle 

Between the iliac crest, the dorsal margin 
of the ex terrai oblique muscle of the abdo¬ 
men and the latéral margin of the laris- 
si mus dorsi muscle (see p. 140) there is 
often a triangular in ter val. the lumbar tri¬ 
angle. It conta in s fatty rissue and the inter¬ 
nai oblique muscle of the abdomen. It is 
uncommon for lumbar hemias to occur 
through the triangle but it happens more 
often in males than femaïes. 


13 Fémoral vein 

14 Fémoral artery 

15 Fémoral nerve 
W lliopscas 

17 îliopectineal bursa 

IS Latéral fémoral cucaneous nerve 

19 Pectineal muscle 
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Diaphragm (A, B) 

The diaphragm séparâtes the thoracic and 
abdominal cavitîes. R consists of a centrai 
tendon (1 ) and a muscular portion, which 
can bc divided into sternal (2), costal (3), 
and lumbar (4) parts. 

Curreril non>enclaiure descrîbes the lumhar pan 
of the diaphragm as .i umlorni structure. 
Nevertheless, il b subdivided into a lefl en» a nd a 
right mis with three origins each, namHy. ai the 
lumbar vertebrae, the médial arcuate ligament, 
and tlve latéral arcuate ligament 

The sternal part (2). which arises from the 
biner surface of the xiphoid process (5). con- 
sists oF muscle thaf is rather lighter in color 
than the rest and which radiâtes into fhe 
central tendon, 


The costal part (1) anses from the inner 
sur/ores of the cartilage of ribs 7-12 by 
means of individuat stips which al tomate 
with rhe slips of origin of the trans versus 
abdominis. 


The lumhar part (4) has a médial and a 
latéral crus and occasion ally an intermediate 
crus splits off from the médial crus, The 
rifÿht médial cnis (6) anses from the bodies of 
fhe first to fourth lumbar vertebrae* and the 
lefl médial crus (7) from the bodies of the 
f\rst to rft/nf tomber verfebrae. The lierai 
crus (8) orig mates from two arche% /ormetf 
by the médiat arruate /jgamenf £9), the 
psoas arcade or médiat tomborosfa/ anti. 
and the iaterat arcuate ligament (10)t quad¬ 
rants arcade or tolérai tumbocostal arrfu 
the psoas arcade retends from the latéral 
surface of first (second) tomber vertèbre/ 
bodies to the costal process (U) of the first 
tombât verfebra. The toléra/ arcuate liga¬ 
ment retends from this process to the apex 
of the 12th rift, 

Beiow rhese tendinous arrhes the psoas 
major (12) and quadratus lumborum (13) 
are visible. There are gaps between the 
lumbar, costal and sternal parts of the dia¬ 
phragm. which are points of minimal ré¬ 
sistance, Between the lumhar and costal 


components lies the lunibncnstal triangle 
(14). and between the sternal and costal 
parts is the sternocostal triangle (15), 

The double-domed diaphragm. which is 
slightty depressed in the middle by the 
heart. is pierced by openings for the pas¬ 
sage of various structures. Between the 
media! crura lies the aortic hiatus (16), 
which is limited by tendons (n^xlian ar- 
cuate ligament ]l Through it passes the 
aorta and posteriorly to il the thoracic 
duct. The right méd ial crus (6) consi sis o! 
three muscle bundles, of which rhar aiising 
from the lumbar vertebrae is rhe largest 
and it reaches the central tendon (1) 
directly. A second bundle £17) arises from 
the médian arcuate ligament (18). the ten¬ 
dinous border of the aortic hiatus £16), and 
forms the righr border of the esophageal 
hiatus (19). The third bundle £20) also 
arises from the médian arcuate ligament, 
but dorsally, and forms the lefî border of 
the esophageal opening as the “hiatus 
süng” r Only in exceptional cases does the 
left media! crus (7) partiel pâte in the for¬ 
mation of the border of the esophageal 
opening. The esophageal hiatus is boidercd 
by muscle, and through it pass the 
esophagus and the anterïor and posterior 
vagal trunks. 

The caval opening (21 ) lies in the central 
tendon, and through it pass the inFerior 
vena cava and a bran ch of the right phrenic 
nerve, The greater and lesser splanchnic 
nerves, on the right the azygos vein and on 
the Jeft the hemiazygos vein. pass through 
unnamed openings in the mediaî crus, or 
between it and rhe intermediate crus if 
présent The sympa thetic trunk runs be¬ 
tween fhe intermediate and latéral entra, 
Nerve supply: phrenic nerves ([C3| C4 

tcsiv 
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Tronic Diaphragm 



Position and Fonction 
of the Diaphragm (A) 

In lîfe the position and shape of the dia¬ 
phragm dépend on the phases of respira - 
tion. the position of the body and the 
degree of distension of the viscera. 

As the principal respiratory muscle* the 
shape of the diaphragm changes greatly 
during the various phases of respiration. In 
the midposirion berween maximal expira¬ 
tion and inspiration* in The upright posture, 
the right dôme of the diaphragm reaches 
the 4th intercostal space, and the left dôme 
the 5îh intercostal space. In moximof ex¬ 
piration (bJue) the projection on the ante- 
rior chest watt on the right lies or f/*e upper 
morgm 0 / ihe 4th rit, gjmJ on the left in the 
4th intercostal space. During maximal in¬ 
spiration (red). the diaphragm sûifcs fo 
about the Ht to 2nd intercostof spore. The 
sternal part and its origin art as a fixed 
point, During expiration the muscle fibers 
l ise and during maximal inspiration they 
descend toward rhe center of the tendon. 


majority of diaphragmafic hernias are pro- 
lapses* as they lack a hernial sac. They an? 
known as false diaphragmatic hernias. 
Truc hernias with a sac are uncommon 
and occur only as para-esophageal hernias. 

Tlie commonest congénital hernia is due to 
enlargement of the lumbocostal triangle 
(2). Another type of congénital hernia is 
para-csophageal in position and always or 
nrrs on the right side of the esophagus. 11 is 
a type of hiatus hernia, which, however, in 
the great majority of cases is an acquited 
sliding hernia. Sliding hernias hâve no 
hernial sac and develop through enlarge¬ 
ment of the esophageal hiatus (1 ). 


The eostudiaphragmatk: recess between the 
uppei L surface of the diaphragm and the 
ri b s is fiatîened during maximal inspira¬ 
tion. 


In the recumbent position convolutions of 
lhe abdominal viscera push the diaphragm 
upward and baclovard. 


t imitai Tlp: Dyspneiç patients pré fer to sil 
rather than lo ke and sa relieve the thorax of tlie 
pressure of the abdominal contents. 


Sites of Diaphragmafic Hernias (B) 

Diaphragma rie hernias occur when the 
contents of the abdominal caviry enter the 
thorax. They may be congénital or ac- 
quired. True diaphragmatic defects (bine) 
must he distinguished from enlargement 
of preexisting weak spots (red), such as the 
esophageal hiatus (1), the fumbocostof tri¬ 
angle (2) and sternocosfal marçg/e (3). True 
diaphragmatic hernias usually occur in the 
centra/ tendon (4) or the costal part (5). The 
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Trunk 



Pelvic Floor (A, B) 

The pelvic floor is the closure of rhe trunk 
inferiorty and postcriorly. it is former! by 

the pelvic dlaphragm and the urogénital 
diaphragm. 

Pelvic Dlaphragm 

This ronsists of the leva tu r a ni and coccy- 
geus muscles, 

The levât or ani (1) anses from the pubîc 
bone (2). the lendinous arrh of the levator 
ont muscle (3) and the îschiat spine {4), Us 
fibers are divisible into the puborectaËs 
muscle (5), the puboperinealis = prerectal 
fi bers (6), the pubococcygeal (7)and the iHo- 
coccygeaï muscles (S). The médial fibers of 
the puboperinealis for ni the aura of the le¬ 
va tor, between which is endosed the uro¬ 
génital hiatus. The puboperinealis muscles 
extend into the péri ne um and thereby sép¬ 
ara te the urogénital uact froni the anal 
tract. The urogénital hiatus is limited later 
ally by the levator crura and postent)rly by 
the pubopérinéal muscles. Through the 
urogénital hiatus pass the urethra and The 
génital canal, while behind The prerectal 
Fibers Orly The rectum (anal canal) passes. 
Some of the fibers of the puborectalis end 
pararectally in the externa/ anal sphincter 
(9). some run on to form a retrorectal sïing 
behind rhe rectum. The fibers of the pubo- 
coccygeal and the iliococcygeal muscles 
extend laterally onto the anococcygeal lig¬ 
ament (10) and insert on this or directly 
onto the coccyx (11). 

The génital hiatus is narrower in the male 
and broader in the female. Due to the 
width of the aperture of the génital hiatus 
a second dosure mechanism—the urogeni 
tal diaphragm—is essential. 

The coccygeus (12) anses by means of a 
tendon from the ischial spine and ends on 
f/je coccyx, It may be absent 
Fonction: The levator ani is concerned with 
intra-abdominal pressure. It beats the weight of 
the peMc contents and thus bas a stipportîng 
fonction. In its dynamk funcrion it participâtes 
ïn closure of the rectum. 


Urogénital Dlaphragm 

This consista mainly of the deep transverse 
périnéal muscle (13). If anses from the 
ramus of the ischium and/rom the mferior 
pubic ramus and attends to the urogénital 
hiatus, The posterior part of the diaphragm 
ii reinforced by the stiperficial Ira ns verse 
périnéal muscle ( 14 J. This crises from the 
ischia! tuberosfiy (15) and radiale s into the 
perineat body. Anteriorly the urogénital di¬ 
aphragm is completed by the Iran s verse 
périnéal ligament (16). 

Both the urogénital diaphragm and the 
pelvic diaphragm are covened on their 
upper and lower surfaces by fascia appro- 
priately termed the superior and ni/eriar 
urogenitat diaphragmatic fascia (perintûl 
membrane) and the stipfriôf and m/erior 
pelvic diaphragmatic fascia . respective^. 
The ischiorectal (ischtoanal) fessa lies be- 
tween the pelvic and urogénital diaphragm 
and is open posteriorly. 

Nerve supply: The pelvic diaphragm is in- 
nervated, as a rule, by a long branch from 
the sacral plexus, the urogénital dia¬ 
phragm by twigs from the pudendal nerve. 

The temi urogénital diaphragm. which is a 
meaningfuJ tenu, is nowadays rejected ami has 
been replsced hy the tenus perineoi membrane 
wilft f/unsvprse périnéal ligament and deep trans¬ 
verse perineat musete. 

CHnkal Tip: Qverstretching f jf the pelvic dia - 
phragm in women Icads to a prolap.se ot their in¬ 
ternai sexual organs. which tan occur espedally 
after childbirïh. It is important to feeep in mtnd 
that childbirïh can also resuit in a lacération of 
the levator ani with a concomitant trau marie in- 
jury lo the pelvic diaphragm. 

Périnéal hernias rarely emerge through muscle- 
weak locations in the pelvic floor, although they 
are subsuri liai ly more frequent in women. 

For funher details of the pelvic fluor, see 
volume 2. 

17 Sacrospinal ligament 

18 Sacrotuberal ligament 
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10 Upper Limb 


Boites, ligaments and Joints 

In rhe upper limb we distinguish the 
shoulder girdle and lhe free upper limb. The 
shoulder gudle is foi med by the seapulae 
and lhe davides. 


twren ribs 7 and R and. when lhe ami hangs 
dowiï. its médial nurgîn should be parai ld to the 
row ol spirwos processes* I he scapiiiar plane is rhe 
plane in which the stapular plate lies. It forms an 
angle ol 6Cr with ihe plane of symmetry (médian 
sagittal)* The glcnûid cavity faces lateralfy and 
anteriorty* 


Shouider Cirdie 

Scapula (A-E) 

The shoulder blade or scapula (A-E) is a 
fiai* tfiangular bone. It has a médial margin 
(1 ), a latéral müiÿit (2) and a superibr mar- 
gifi (3), which are separated frum each 
other by the supenor(4) and inferior(5) an¬ 
gles and lhe truncate latéral apgfe (6). 17ie 
antei tor or costal surface is fiat and slighfly 
concave (subscoputar fossaf It sometimes 
shows dear jines of muscle attachmenls. 
The posterior surface is divlded by the spine 
of scapula (7) into a smaller supraspinous 
fessa (8) and a larger infrüspmovs fosse (9), 
lhe spine of the scapula has a triangular 
base medially, which rises laterally to ter¬ 
minale in a flaitened process* the aewmton 
( 10). Near the latéral end lies an ovaï ortfe- 
tifar facet (11) foi an iculation with the 
cl avide, the cfffvici/fnr face t 

The acromial angle (12) is a readily pal¬ 
pable bony point, which marks the place 
where the latéral acromial mai gin con¬ 
tinues into the spine of scapula The latéral 
angle bears lhe glcnoid onvify (13). At its 
upper border is a small projection, the su- 
pragjlenoid tuberde (14). Below t he glenoid 
cavity lies the hi/ragfenojd tuberde (15). 
The neefc of scapula (16) is adjacent lo lhe 
glenotd cavity. 

The coracoid process (17) lies above lhe gle¬ 
noid cavity. It is bent at a right angle 
laterovemrally and its rip is flattened. To- 
gether with the acromion it proteds lhe 
joint which lies beneath it. Médial to the 
base of the coFacoid process, on the upper 
mai gin of the scapula. lies the suprascapu 
tar notdî (18). 

The scapula lies on the thorax with the base of its 
spine At the level of the rhird thoraric vertebra. 
The infehor angle of the scapula should lie be- 


Variaotu lhe scapular notch may be frans- 
forrnt-d imo a sraputar /brarraen (19). lhe médial 
margin of the scapula is sometimes concave ai>d 
the scapula is then cal lcd A scaphoid scapula. 

Ossification: The scapula devdops (E) fmin 
several ossification centers* In the iid ii>- 
trauterinc mon h a large bony tenter develops in 
lhe région of lhe supraspinous and in Ira üpi nous 
fossae and the spine of the scapula. In the Ist 
year of lifr a tenter develops in the coracoid 
process, and between rhe âges of 11 and 18 years 
smaller t enfers may appear throughout lhe 
scapula. AU the ctnlers fuse with each other be¬ 
tween the âges of IG and 22 years. The cerner 
which develops in the acromion between If» and 
18 ycars of âge may. in rare instances, remain un- 
fused (os acromiale). 


Ligaments of the Scapula 

The coracoacroniial ligament crosses the 
shoulder joint and extends between the 
coratoid process and the acromion. The su¬ 
per ior transverse scapular ligament 
bridges the scapular notch, (Only in rare 
cases is rhere an inferior transverse scapu¬ 
lar ligament, which extends from the mai 
gin of the spine of the scapula to the gle¬ 
noid cavity.) 
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Upper Umb: B unes. Ligaments, Joints 


Cia vicie (A, B f F) 

Tiw collar bone or tLavide is an S-shaped 
boue, anlertorly convex in lhe médial two- 
thitds of ils tength. while the latéral third is 
concave ante ri orly. Toward the sternum is 
the stout sternal end fl) and toward the 
scaputa the fiat acromial end (2). and be- 
I ween t he two 1res the body of the clavicle, At 
the sternal end we fïnd a iriangular sternot 
artra/fcrr fiicet (3), The acrotniol artkuiar 
facet (4) ts almusl uval, Near the sternal 
end. on the lower surface of the davicle. is 
the impression for the costodorfcufcrr liga¬ 
ment (5), The gmove for the subclavian 
musde lies on lhe undersurfare of the 
devin ;/m body The promirent conoid 
tubertie{6) lies near the acromial end close 
to the tvapezoid line (7). 

tRûftration: line da vicie develops in connective 
tissue. and ossification begîns in the 6th in- 
trauterine week. The ends are performcd in cai- 
tilage but an ossification eenter does not appear 
in (lie sternal end until 16-20years otage, h syn¬ 
ostoses with the rest of the davide berween the 
âges ol 21 and 24 years. 

Cllnicdl TJp: Clcidocranial dysostosb ts a mal- 
formation due to maldevclopment or non- 
development of the connective t iss ne part of the 
davide. It is aswxiated with defects of chose 
bones ol rhe skull that are preformed in connec¬ 
tive t issue. 


Joints of the Shoulder Gtrdle (C-E) 

Connections with the trunk are made through a 
continuons fibrous (eostodavicular ligament. S) 
and discontinuons synovial joints (stemodavic- 
ular joint). In rhe same way, the pans oï the 
shoulder girdle are connected to each other by 
continuous fibrous [coracodavicular ligament) 
and discontinue us synovial joints facromio- 
davicular joint). 

Sterrmlavicuiar Joint (C) 

This is a joint with an arfiniitir disk (9) 
which dtvides the space of joint cavity in 
two. The socket is a shallow concave inden¬ 
tation in the sternum, and the head is 
formée! by lhe sternal end of the davide. 


The mcongniity is adjusted by lhe car- 
tilage-like fibrous t issue, which cwers 
bot h articuler fa cet s. and by the disk, 
which is fixed cranially to the cl avide and 
caudally to the sternum, The capsule is 
slack and thick and is strengthened by the 
antenor (10) and posfenor sfemodavicufar 
Itgomenfs, The davides are interconnectée! 
by the frfentfavifutar figement (11), The 
slemodavicular joint fonctions as a bail- 
and-socket type and has thjee degrees of 
freedüiTL 

The costociavicuLir ligament (8) extends 
bel ween the Tst rib and the davide. 

Acromlodavkular joint (D, E) 

This consists of two apposing, almost fiai 
joints surfaces covered by carlilage-like 
fibrous tissue (12). The capsule has a 
strengthening ligament on its superior sur¬ 
face. lhe aciGrnjodavreufar Ügnrrzcnt (13). 
The coracodavicular ligament extends 
between the turacad process and the 
clavrcle. It can be divided into antérolatéral 
and posterumedial parts. The latéral pan, 
the trapezoid ligament (14), a ri ses frum Lhe 
upper médial margin of the coracoid 
process and extends to the trapezoid Une. 
The médial part, the conoid ligament (15), 
arises from the base of the coracoid 
process and has a fanlike termination on 
the conoid tuberde. 

CMnicdl Tlpc Marked posterior and inlciior 
dispUt^ment of the davide may compress the 
subclavian artery, as can be dette t tel by a weak- 
ening of the radial puise. 


16 Superior tra ns verse sca polar ligament 

17 Coraco-acromial ligament 

18 Subdavius musde 
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lippe r I fmb; Bones, Ligaments, joints 


The Free Upper Limb 

The bones of the free upper lïmb are 

- 'fhe humérus 

- The radius and tihia 

- The carpal bones 

- The métacarpe bones 

- The phalanges 

Bone of the Arm 
Humérus (A-H) 

The humérus articulâtes with the scapula 
and the radius and ulna. H consists of the 
body and upp-er (proximal) and Iovyét (distal) 
ends. The proximal end is formed by the 
hend (1 } p adjoining the anntomjcaJ necJf (2). 
On lhe antérolatéral surface of the proxi¬ 
mal end lies laterally the gréai er tubercle 
(3), and médially is the /essor r ubercte (4). 
Between these tuberdes begins lhe rnfer- 
tubercular sulcm (5), which is bounded dis¬ 
tal ly by the crests of the fesser (6) and 
gréa ter (7) tuberdes. The surgira/ necir (S) 
lies proxi ma lly on the body of the 
humérus. In lhe middle of the body lies 
laterally the dettoid ùàxrosity (9). The body 
may he divided into an ortferomedüï/ sur- 
face f 10) with a medjr/f border (II), and an 
onfero/aferai burfare (12) with a forerai 
border ( 13 X which becomes sharpened dis- 
tally and is calied the Jn/era/ supracondytar 
rïdge. The groove for lhe radio/ nerw (14) 
lies on the postenor surface of the body, 
The distal end of the humérus beats on iis 
médial side the large media/ epicondyie 
(15) and on the latéral side lhe smaller 
loferai épicondyle (16}. 

lhe trochtea (17) and the capitu/um (18) of 
the humérus form the humerai condyles for 
articulation with the bones of the forearm. 
lhe radio/ fossa (19) lies proximal to the 
capitulum and proximal to the tFochlea is 
the somewhat larger coranottf/ossa (20X 

Médial to the trochlea (D) there is a shah 
low groove, the groove for lhe utnar nerve 
(21}. On the posterior surface above the 
trochlea is a deep pit, lhe detrancm fessa 
( 22 ), 


The humérus is twisted at ils proxi mai end. 
i,e., the head is posieriorly rotaied at about 
2(f in relation to the tra ns verse axis of the 
distal end (torsion}. The angle belween lhe 
long axis of the humérus and that of the 
head averages 130*, and at lhe distal end* 
between the transverse axis of the joint 
and the long axis of the shaft of the 
humérus, there is an angle of 76 r to 8ÎT; 

The proximal cpiphyiiai line (23) runs trans¬ 
verse ly through the lesser tubercle and in- 
ferior lo the greater tubercle. Il crusses the 
zone of attachment of the capsule (see 
p, 117) in such a way that a striai I part of the 
shaft cornes to lie within the capsule. At 
the distal end there are îwo epipliyses and 
Iwo epiphysiai fines (24). One epiphysis cai- 
ries the médial epicondyie and lhe olher 
the joint surfaces and the latéral épicon¬ 
dyle. 

Ossification: In general, development of Ihtr 
ossification centers and fusion of the epiphyses 
oetur somewhat earlier in females than in males. 
The perichondral bone anlage in lhe shafl ap 
pears in the 2nd-3rd intrauterine monfh. The 
endtx.hondr.il ossification centers in the 
epiphyses appear between the 2nd week nf life 
and the I2th year, Three centCTS appear proxï- 
maily soon after birth, and distally lour ossifica¬ 
tion centers develop later lhe distal epiphysial 
disks fuse during pu ben y and the proxi niai disks 
at the end of puberty. 

■i Variants: just above the media] epicondyie a 
supracondytar process (25] is occasionally fbtind, 
and above the trochlea there may be a su- 
pnttfWftfear foramen 

Oînkal Tip= 50% of fractures of the humérus 
occur tn the shatt. There is a risk of damage to lhe 
radial nervel 
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Upper IJmb: Bon es. Ligaments, Joints 


Shoulder Joint (A-C) 

The bony socket. the glenoid eavity, of lhe 
bail-a ntl-sockel shoulder joint is muth 
smaller than lhe head of the humérus, The 
hyaline cartilage cuve ring {1} of the gle- 
nuid ravity is Ihicker al the maigins than in 
lhe center. The socket 1s enlarged bya fi- 
hrocartilaginmis lip* the glenoidâl lip (2). 

The socket is perpendicular to the plane of 
t lie scapula, and the position of the scapula 
détermines the attitude of the en!ire joint 
The surface of llw glenoid cavily has an 
area of6cm ; to withstand an atmospheric 
pressure of 6 kp (appeux. 60 N) on the 
joint. The upper limb weighs about 4 kg. As 
there are no strong ligaments. Ihe shoulder 
joint is maintained by the action of the en- 
vetuping muscles. tl is known as a “musde- 
dependeDt joint" 

The head of humérus (3) rs ball-shaped, Its 
hyaline cartilage covering begins al lhe an- 
atomiral neck and extends somewhat 
farther distaïly at lhe intertubercular sul- 
cus. Tl>e cartilage gives the head a more 
uval shape. lhe ^noviai layer of the artieular 
capsule is attached to the glenoid lip. It is 
evaginaied pouchlike (C) a long lhe ïntra- 
capsularly coursing lendon of lhe long 
head of the biceps (4} and surrounds it as 
the synovinf sheath of the intertubercukir 
groowe (5). The fibroas layer of the joint cap¬ 
sule in the upper arm forms a connective 
Iissue layer across lhe intertubercular sut 
eus and converts it into on osieofibrous 
canal, lhe artieular capsule is slark and 
vuhen t he arm hangs down it has a pendent 
pouchlike part on its media! surface, lhe 
nxiitary recess (6). The upper portion of the 
capsule is partly strengthened by the 
coracohuinerûf ligament (7} and three weak 
gfen oh umera f J^gomenfs. The coraco- 
humeral ligament arises fmm the base of 
the coracoid process (8) and radiales into 
the capsule, extending to the greater and 
lesseï tuberdes, When the arm is hanging 
in its normal anatomie position, the upper 
half of the head of the humérus is in con¬ 
tact with the joint capsule and the lovver 
half with the glenoid cavity. 


The shoulder joint is associated with a 
number of synovial sacs. As a ru le, it conv 
mumeates wrffi fhe suhcomcord bursfl, the 
subfendixion.ï bursa of the subscapvlw 
muscle (beneath the tendon of the sub- 
soipufar muscle, 9). the intcnubevcular syn¬ 
ovial sac and the eoraoobrüchiûJ bttrsa. 


Movement* of the Shoulder Joint 
(D-F) 

l lw shoulder joint has three degrees of 
freedom of movemeirt. Abduction and ad¬ 
duction refer to movements away from the 
position of rest (DJ of the head of lhe 
humerai in the scapuLar plane (see p. 110). 
Purely latéral abduction (E) always pro¬ 
duces rétroversion and slighl rotation, while 
abduction from the scapular plane is anie- 
riorly directed (frontal abduction). 

flexion (antéversion) is forward lifting of the arm. 
Bttause of ralary components associaied with 
fhese othtT movement s, a i on î pou nd movement, 
cirai induction, occurs in wtiîch the arm traces the 
surface of a cône. Abduction (ë) is ohvoys as- 
soeiated with movement of the scapula: exces¬ 
sive associated scapular movement occurs wilh 
abduction of more than 90" (F; élévation}, he 
cause fhen the movement ol the joint is re- 
srrkfed by the coracoacromial ligament (10; see 

p, 110). 

Clinkal Tip: Dislocation is more rommon in 
the shoulder than in any other joint. If associated 
with a torti capsule, it usually occurs Juw and in 
front, 

The palpable and visible protubérance of lhe 
shoulder joint is produeed by the greater 
tubende, the location of which indkates the 
position of the head of the humérus, lhe pro¬ 
tubérance disappears when the shoulder is dis- 
located. as the head of the humérus is no longer 
in its Socket. When palpatipg a dislocated 
shoulder the fitiger enters an empty cavity (C) 
below the acromion, 

A fracture of the [intracapsular) anatomitaî neck 
îs uncommon and the prpgnosis Ls very pour. 
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C Line of attachrnent of capsule to humérus 


G Antenor dislocation 
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A Sea ion through shouldet joint 


B Anterior view of shoukJer joint 



D Resting position 


E Abduction 


F Elévation 
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Bottes of the Fo rearm 

rn the forearm. the shortei radins lies 
laterally, the longer ulna. medially. 

Radius (A-EJ 

The radius comprises a shaft (1) and a 
proximal and a distal extremity, The proximal 
ex l lemÉty con La ins l he head ( 2 ) w i t h i t s ar¬ 
ticuler facet (3) which continues into llie 
articuler cinvmference (4), Medially, at the 
transition between the neck (S) and its 
shaft, lies lhe radial tuberosity (6). The 
shaft has an approximatety triangular 
shape in cross section wilh a medially 
directed mrerosseous border (7), an ontedor 
sur/ace (8). an anferior border (9). a latéral 
surface (10) and a posferrôr border (11} 
which represenls lhe boundary between 
the latéral and poslerior sur/oces (12). The 
latéral surface of the shaft at approxi- 
mately ils middle third exhibits a distinct* 
welt developed raughened area, lhe prona- 
Uir tuberosity (13), Al the disial end of the 
radius is the suprosty/oid crest wilh the sty- 
loid process (14) and médial to it. the üfnor 
notch (15). The carpal articuler surface (16) 
is directed distally. 

Dorsatly are found varions distincily 
developed grooves in which course the ten¬ 
dons of Lhe long extensors* From latéral 
(radial) to médial (ulnar). the first groove 
(17) résides on the styloid process and con- 
tains the lendons of the abductor poUicis 
îoFigus and extensor poil ici s b revis 
muscles. The second groove (18) serves for 
t he passage of t he tendons of lhe extensor 
carpi radialis longus and brevjs, whereas 
the fhird groove (19) courses obliquely and 
houses the tendon of the extensor poil iris 
longtis. Imhe fourüi groove (20) lie the ten¬ 
dons of the extensor digitorum and exten¬ 
sor indicis muscles. The latéral bony ridge 
îyîng by the third groove is usually pal¬ 
pable and is alsu designaied as the dorsal 
tuberde (21 ). 


Clintcal fîp: lhe styloid pnxess ot the radius 
«fends about t an, farther distally ihan that of 
the idnalhis is an important detail to rcmember 
whtm serting fractures. 

Ossification; [ J erithondral ossification of the 
radial shaft begins in the 7th inrrauterlne week. 
The epiphyses are formed endochondrally and 
postnatal Ly> the distal epiphysis in the îst and 
ïnd. the styloid process in the lûth I2th and rhe 
proximal epiphysis in (he 4th-7lh yuan. Epiphy- 
Sial fusion occurs proximal I y between âges 14 
and 17 years, distalIy between (he 2Ûth and 2 r >th 
years of life. 

Ulita (F-l) 

The olua possesses a shaft (22) and a proxi¬ 
mal and a distal extremity The proximal end 
exhibits a hook-shaped. curved process, 
the ohcrmwn (23). which has a roughened 
surface. tn front is the fnoch/etrr nofch (24), 
which extends up to the cororcojd process 
(25). 

The radin/ mtch (26) lies Laterally and ar¬ 
ticulâtes with the articulai cnrumference 
of the radial head. The ulnar tuberosity {27) 
is located at the transition to the shaft. 
Latéral to it Lies the suprnnfor crest (28)* 
which appears as an inferior prolongation 
uf the radial notch. The shaft of the ulna is 
three sided, The imerosseous border (29) ïs 
directed laterally and the nnferior surface 
(30), which faces ante ri or! y. is sepaiated 
from the media/ surface (32) by the anferior 
borde r (31). The médial surface is sepa- 
rated from the posfmor surface (33) by the 
posrerior border (34). The anterior surface 
at about the middle of the ulna présents a 
mifrient foramen (35) and the head (36) 
contains the articu/nr circumfereme (37) 
and t he s ma 11 styfoitf process (38) project- 
tng distally 

Ossification: Perictiondral ossification of the 
shaft of the uJna begins in the 7Tb intrauteiïne 
week, The ossifie centers in the epiphyses are en- 
doc bondirai in origin and appear distally be- 
iween the 4th and 7th posrnatal years, in the sty~ 
loid process between the 7th and 8th years, and 
proxirnally between the 9th and llth years of 
life, Epiphysial fusion takes place eariier proxi- 
maJJy. later distally. 
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Upper U ni b; Bones. Ligaments Joints 


Elbow Joint (A-D) 

The elbow joint is a compound joint vvith 
the three articulation surfaces of ihe boues 
within lhe joint capsule, It really consisrs 
of three joints: 

- The humeroradial joint 

- The humenMilnar joint 

- The proximal radio-uinar joint 

It is secured by bouc and ftgomenf. Bony 
stabilîty is provided Ijy the trochlea of the 
humérus and the trochlear notch of the 
ulna into which it fits. Ligamentous stabil- 
ity is due to the annular Ligament of the 
radius and the collateral ligaments. 

The thïn f Lax joint capsule (1) encloses the 
joint surfaces. In order to prevent pinching 
of the capsule between îhese surfaces 
during movement of the joint, fibers from 
the brachialis and triceps biachii muscles 
act as orfïcufar muscles and radiate into the 
capsule in order to tense it. Bot h humerai 
épicondyles (2) are outside the capsule (DJ. 
The synovial membrane surrounds the 
olecranon fossa and bolh fossae on the 
anterior skie of the humérus (D), Between 
the synovial (3) and flbrous (4) membranes of 
the capsule in the région of the fossa is a 
large amount of fatty tissue (5). which may 
help to limit extreme movemcnls of the 
joint. In the ulnar région, the line of attach- 
ment of lhe capsule (D) fbllows the margin 
of lhe trochlear notch, so that the tips of 
the o/ecranon (6) and lhe coronoid proeess 
(7) still project within the capsule. On the 
radius the capsule extends as a sac below 
the anular ligament of radius (8). the supc- 
rior sacciform reccss (9), This extension of 
the capsule makes rotation of the radius 
possible, 

The very slrong collateral ligaments are 
embedded in the sides of the joint capsule. 
The ulnar collateral ligament (10) anses from 
the media! épicondyle of the humérus and 
usually posscsses t\vo strongfiber buncües. 
an anterior one (11) whidi isdireeted tolhe 
coronoid process. and a posterior one (12) 
which extends to the latéral margin of lhe 
olecranon. The ulnar nerve runs under the 


latter bundle in the groove for ulnar nerve. 
Between these two fibrous bundïes lies 
loose connective (issue, which is limited on 
the ulnar si de by oblique fibers (13). 

The radial collateral ligament (14) extends 
from the latéral epreondyle of the humérus 
to the anular ligament of radius and proxi¬ 
mal to the la lier radiâtes into the ulna. The 
radial collateral ligament fuses with lhe 
superfïrial extensors, The quadrate ligament 
connects the neck of the radius to lhe 
radial notch of the ulna. 

Ftnalfy, there is the anular ligament of radius 
(8) which is attarhed at both ends onto the 
ulna and endrdes the head of the radius. 
There is often ca r fi Lagi nous tissue on its 
inner surface, which aets as a moveable 
buttress for the radius during pronation 
and supination (see pi 122). 

Because of the interaction of these ihrce 
joints in any flexed or extended position, a 
simultaneous rotation of the radius a round 
the ulna is possible. 

The following movements are possible: 
flexion, extension, supination and pronation 

(see p t 122). 
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A Anterlof view of elfoow joint 
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of capsule 
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Upper Umb: Bones, Ligaments* Joints 


Elbow joint, contlnued (A-C) 

The humer orâdiaf joint (1) is formed by 
t ho rapilulum of the humeras and fhe articu¬ 
ler face! on the head of the radius, It corre¬ 
sponds in form to a ball-and-sotket joint, 
The luimeroulnar joint (2), a hinge joint, 
occurs between the trochlea of lhe humeras 
and the trorhlear notch of ulna. On the 
trochlea there is a chonnel (3) whidi ac¬ 
commodâtes the leading edge of the 
trochlear notch, H ex ion and extension 
movements between the upper arm and 
fore arm occur at the humeroradjaï and 
humero-ulnar joints. The axis oF move- 
ment corresponds to the axis of the 
trochlea of the humeras and its extension 
through the capitolum of the humeras. The 
proximal radio-ulnar joint (4) is formed 
between the articiriar rirrumferente of the 
head of radius ami the radial notch of ulna, m- 
gother with the annlar ligament (5), This is a 
pivot joint and it permits movements of 
the radius around the ulna together with 
the distal radio-uInar joint Rotation of the 
radius around the ulna is called pronat ion 
(B; bones ltoss over each other) or supina¬ 
tion (C; bones lies parallel to one another), 
The axis of this movement rans fiom the 
center of the fovea on the head of the 
radius to lhe styloid piocess of the ulna. 

The "angle of excursion"* i.e* the anterioriy 
measured angle between the upper arm 
and forearm at maximal extension is insig- 
nificantly greater jn females (ISO 11 ) than in 
males (175 e ), hyperextension is possible in 
ehitdren. At maximal flexion the upper arm 
and forearm form s an angle of about 35 e 
(soft tissue rentrai nt). The "canying angle* 4 , 
i.e.. the angle, open to lhe latéral side. be¬ 
tween the upper arm and forearm when 
the limb is fully extended (abduction 
angle) varies between 158°- 180 e ; with an 
average of about 168.5 e . 


Distal Radio-tilnar Joint (DJ 

The distal radio- ulnar joint (6), a pivot 
joint, is formed by the head of uina and the 
ulnar notch of radius. Between the radius 
and the styloid process of the ultra lies an 
ûrtfcufür disk, which séparâtes the distal 
radio-ulnar from the tadiocarpal joint, The 
capsule is lax and extends from the fri/erw 
sacciform recess (7) up to the shaft of the 
ulna. The proximal and distal radio-ulnar 
joints are necessarily comhined joints to per¬ 
mit pronation and supination. 

Continuous Fibrous Joint between 
Radius and Ulna (D) 

The interosseous membrane (8) stretches be¬ 
tween the radius and the ulna, Its fibers 
ran from proximal laterally to the media! 
side of the ulna distally. Fibers of the ob- 
tique cord (9) run in the opposite direction 
to those of the interos seous membrane. It 
strengthens the interosseous membrane 
proximally, The cord begins approxiniately 
at the ulnar tuberosity and extends to the 
interosseous border of the radius distal to 
the radial tube rosit y. 

ctiokât Tipç ïhe interosseous membrane noc 
only pre vents parallel displacemenr of the radius 
and ulna but also «ilkwvs pulling airtl pressure 
stresses to bé transmitted from one bor,r to the 
other. It is so srmng that du ring overstrain uf the 
forearm the bones tend to fracture before the 
fibers are tom, 

The most common of ail fractures (First de¬ 
scri bed by Cuites in 1814} is at a cbssk site en the 
rad ius, and is due to a fall un the paîm of the hand 
with the arm extended. The vveight oî’tht? budy is 
transmitted through the humérus and the ulna 
and then passes through the interosseous mem¬ 
brane to the radius. The distal end of the radios 
resists the counter-pressure. so that maximal 
stress develops and causes a fracture of the îower 
radius, The discal fragment is displaced radiaLly 
and dorsally as the fibers of the interosseous 
membrane Fut the shaft of the radius to the ulna 
(bayonet position). 
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Upper Llmbr Bores* Ligaments* Joints 


Carpus (A-C) 

The carpus consists of eight carpal boues 
arranger! m two rows of four. 

In the proximal row from latéral to médial 
are 

- The scaphoid ( t) 

- The fcunate (2) 

- The trkjuetrum (3) and* superimposed 
on it, 

- The pisiform (4). 

In the distof row from the lateraj to the mé¬ 
dial skie are 

- The trapezium (S) 

- The trapezoid (6) 

- The rapîtate (7) and 

- The hamate (8) 

F.ach carpal bone has several facets for ar¬ 
ticulation with the neighboring boncs. 

Both rows of ho nés together Le., the entire 
carpus, form an arch which is convex prox- 
imally and concave distally. ITie palmar 
surface of the carpus is also concave and is 
spanned by the ftexor re-tinacuium * which 
for ni s the osteofibrous carpal tunnel. ït 
stretches from the scaphoid and trapezium 
to The lia mate* trïquetnun and pisiform. 
Projections on the se named bones are pal¬ 
pable through the ski ru With the hand 
pendent the pisiform is easily moved and is 
readily palpable, as is the tendon of fl exor 
carpi ulnaris* which inserts into the 
pisiform. The scaphoid and trapezium form 
the fluor of the radial notch, or the “ana- 
t amical snuffbox" (see p. 392). 

f CHnlcaJ Tip: The scaphoid (1 ) is of particular 
interest dinkally since it is the mosi frequently 
fractured carpal bone. Dinar abduction (p. 02) 
brings alxmt a divergence of the fragments, 
whereas with radial abduction (p. 132) the frag¬ 
ments are eompressert. Palmar and dorsal flexion 
(p. 132) open the fracture cleft towand the dorsal 
or palmar aspect* respectjvely. 
imidequate treatment of a scaphoid fracture tan 
leart to a pseüdoarth rosis or necnosis of a frag¬ 
ment, Seventy percent of ail scaphoid fractures 
occur in tes rniddle third r 


WB Variants; Sometimes small accessory bones 
are found between the carpal bones, More than 
20 of stieh accessory bones hâve been described 
so far, However, apart from the central bone (9) t 
onty the «tytôéd (10), the secondary trapezoid (11), 
and the secoodary pisiform (12) are considérer! to 
bc proveo accessory boues. 

The possihiHty of the presence of such accessory 
carpal bones mus! always be borne in mind 
wlten examining radiqgraphs of the wrist. The 
most common accessory boire is the os centrale 
(9). tts cartilagenoos an] âge is nearly always 
found in humans, but u almost always synos 
toses with the scaphoid (1). Fusion of carpal 
bones has also been described; the most 
frequent fusion is between the lunate and 
tricpietrum. 

The scaphoid, triquetrum and pisiform boues 
may also be dividert in two, This may be con- 
fused wüh fractures of ihese bones. 
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Upper Llfnb: Bones, Ligaments Joints 


Individuel Bones of the Carpes 
(A, B) 

Proximal Row 

The sraplioid ( 1 ) ts the larges t boue in the 
proximal row. On rts palmar surface is a 
fi/berde (2), which is easiîy palpahie 
through the skin. The scaphoid articulâtes 
proximally with the radius, distally with 
the trapezium ami trapezoid. and medially 
with the lunate and capitate. Blood vessels 
enter along the entire roughened surface of 
the bone. In one-third of cases, blood ves 
sels reach the scaphoid bone only on *ts 
distal face; in this case, a fracture of the 
scaphoid bone (see p. 124) may be fol¬ 
io wed by necrosis of the proximal frag¬ 
ment. 

The crescent-shaped lunate (3) articulâtes 
proximally with the radjus and the articu- 
lar disk, medially with the triquetrum, 
Laterally with the scaphoid and distalïy 
with the capitate and sometimes also with 
the ha mate. 

The triquctrum (4) is almost pyramidal in 
shape with its apex pointing medially. The 
base faces laterally and articulâtes with the 
lunate. Proximally it articulâtes with the 
articular disk and distally with the hamate. 
The palmar surface has a smali articular 
facet (5) for the pisiform. 

The pisiform (6). the smallest carpal bone. 
is round and possesses on its dorsal surface 
an articular surface for the triquetrum. It is 
readily palpable and is inserted as a 
sesamoid bone in the tendon of the flexor 
tatpi ulnaris. 

Distal Row 

The trapezium (7) possesses a r ubercle (8) 
which is palpable on dorsiflexion on the 
harad, and médial to it there is a groove (9) 
for the tendon of the flexor carpi radiahs. 
Distally it has a saddle shapcd articular 
facet (10) for the first metacarpal bone. A 
facet for articulation with the trapezoid 
lies medially. and between the distal and 


médial articular facets there is a further 
small facet for the joint with the second 
metacarpal bone. Proximally the 
lrâpezium articulâtes with the scaphoid. 

The trapezoid [II) is wider dorsally than 
on its palmar surface. It articulâtes proxi¬ 
mally with the scaphoid. distally with the 
second metacarpal. laterally with the 
trapezium and medially with ihe capitate. 

The capitale (12) is the latgest carpal bone. 
It has facets proximally for articulation 
with the scaphoid and Ihe lunate, laterally 
for the trapezoid, medially for the hamate 
and distally mainly for the third metacar 
pal bone, as well as partly for the second 
and fourth metacarpals. 

The hamate ( 13 J is readily palpable. On its 
palmar aspect is the horrudus (14). which is 
curved laterally. The Lafter is related to the 
flexor digiti mini mi brevis and the piso- 
hanute ligament. It articulâtes distally with 
the fourth and fifth metacarpal bones, 
laterally with the capitate. proximally and 
medially with the triquetrum, and proxi¬ 
mally and laterally with the lunate. 


Ossification: The ossifie centers arise endocivnn 
tirai ly and appearonly after foirth. Jn the Isl yeat 
of life (usually in the 3rd month) rhey devekjp in 
the capitate and hamate. in The 2nd to Trd years 
in the triquetrum. In girls, the liony center ap- 
pears in the triquetrum at the beginning of the 
2nd year. whereas in boys the earliest appear 
ance is seen only after 2'\i years. The cenîer of 
ossification for the lunate deveiops between the 
3r<t and 6th years, that for the Kaphnid between 
the 4th and Oth years, those for the trapezium 
and trapezoid between the 3rd and 6rh years. 
The pisiform anses hetween years E and 12. 
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A Carpal bones of riglit hand, anterior (palmar) view 
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Upper limb: Bones* ligaments, Joints 


Bones of lhe Metacarpus and Dfgfts 
(A-C) 

The five metacarpal s of the hand each hâve 
a heod (!), a s haft (2 J, and a taise (3), On ail 
of these there are articular facets al one 
end (1 m se) for articulation with the carpals 
and at the other (head) for the phalanges. 
The paimar surface is slightly concave and 
the dorsal surface slightly convex. The dor¬ 
sal surface exhibits a charactenstic tri- 
angular configuration toward the head. 
The proximal arîicular facet of the first 
metacarpal is saddle-shaped: the second 
metacarpal has a notched base proxi mally 
for articulation with the carpus* and on the 
médial side with the third metacarpal. On 
the dorso-rad La I side of the base of the third 
metacarpal is a stytoiü process (4) and 
radially an articulai facet for the second 
metacarpal. ProximaJty, for junction with 
the carpus, there is one articular facet, and 
on the ulnar side there are two articular 
faceis for articulation with the fourth meta- 
carpal. The fourth metacarpaJ has two artic¬ 
ulât facets radially but only one on its ulnar 
side for articulation with the fifth metacar- 
paL 

The bones of the digits each digit tonsists 
of more than one bone, namety, a proximal 
(5), a médial (6). and a distal phalanx (7), The 
sole exception is the thumb, which has 
only two phalanges. 

Each proximal phalanx has a flattened pal- 
mar surface, dorsally and tîa ns versa Uy it is 
convex and has roughened sharpencd 
borders for the attachment of the fibrous 
tendon sheaths of the fiexor muscles. U has 
a sfiqft (B), a distal p frôla ïigeo/ freod (also 
called a Trochlea") (9). and a proximal base 
(TO). The base lias a tTansveise aval sockei, 
an articular Facet for the metacarpaJs. 

The hase of the middie phalanx has tworon- 
vex facets séparated by a smooth ridge to 
conform to the shape of the head of the 
proximal phalanx. 


The base of the distal phalanx also beats a 
ridge. At the distal end there is a rough pah 
mar surface for insertion of the tendon of 
the fiexor digitorum profundus as weîl as a 
palmar-facïng roughened, spade-shaped 
plofe (11) at its terminus, the ttitarostry of 
distal phalanx. 

Sesamoid bones are regularly fourni in the 
joints between the metacarpaJ s and the 
proximal phalanx of the thumb, one lying 
rnedially and the other latérally. Sesamoid 
bones are also found in variable nuniî>ers 
in the other Angers, 

Ossification; In bot h lhe metacarp^ls and t\w 
phalanges there is tmly one epiphysial centei of 
ossification in addition to the perichondml di- 
aphysts (3rd intrauterine month). In the méta¬ 
carpes the distaJ epiphysîal centeiS devetap in 
the 2nd year of life, extepr for the ] st metacarpal, 
in whose proximal end the center appears in the 
2nd- îrd year. In the phalanges epiphysiiil ossifi 
cation centers occur only proximal ly 

Cl In le aJ Tip; Pscudoepiphyses may develop in 
the metacarpal bones. In radiographs they may 
be distinguished from tme epiphyses, as they are 
attarhed to the diaphysis by a pièce of bone, The 
I st metacarpal bone may hâve a pseudoepiphy- 
sis at its distal end, tait ail other metacarpal 
bones hâve them at the proximal end: they must 
be distinguished from fractures, Pseudo™ 
epiphyses are found more commun ly in certain 
diseases. 
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30 Upper Lfmb: Bones, Ligaments. Joints 


Radiocarpal and Midcarpal joints 
<A-E) 

The radiocarpal or wrist joint i$ an cJlip 
soid joint formed or one side by the radius 
(1) and the anîcular dish (2) and on the 
nther by tlie proxi mal row of carpal bones. Not 
ail rhe carpal bones of rhe proximal row are 
in continuai contact with the socket- 
shaped articuiar facet of the radius and the 
disk. The frïc/ucfrum (3). only makes dose 
contact with the disk durïng ulnar abduc¬ 
tion and Joses contact on radial abduction. 

The capsule of t he wrist joint is lax. dorsaJIy 
relatively thin. and Ls reinforccd by nu mér¬ 
ous ligaments. The joint space is un- 
branched and sometlmes contai ns synovial 
folds. Often the wrist joint is in continuity 
with the midcarpal joint, 

k 

The midcarpal joint is formed by ihc proxi- 

I mal and distal row of carpal bones and has an 

p S-shaped joint space, ta ch row of carpal 
bones can be considered as a single articu¬ 
la r body. and they interlock with each 
I other. Alrhopgh therc is a certain limitcd 
degree of jTCobility between members of 
the proximal row of tarpal bones, this is 
not true of the distal row because they are 
joined one to another (4). as well as to the 
metacarpal bones by strong ligaments. 
Thus. the distal row of carpal bones and the 
metacarpals form a functional entity, 

The joint capsule is tense on the palmar sur¬ 
face and lax dorsal]y. The joint space is 
branched and has connections with the 
radiocarpal joint, and around the 
rrapeziam (5) and trapezoiû (6) there are 
also connections with adjacent carpometa- 
carpal joints, 

Sometimes the joint space contai ns 
nu mérous synovial folds (7). The space be¬ 
tween the lunate and triquetrum and the 
capitale and hamaie is padded by synovial 
folds whkh may be visible in radiographs. 


Ligaments In the Région of the Wrist 
<A-£) 

Four gnoups or Ligaments can be distin- 
guished: 

Ligaments whidi unité the feeearm boues with 
the carpal bones (violet), These incJude the 
ulnar coUaferai ligament (8), the radial col 
latéral ligament (SX the palmar radiocarpal 
Jligament (10) + the dorsal radiocarpal ligp 
ment (11), and the pafmor ti/noairpal liga¬ 
ment (12). 

Ligaments which unité the carpal bones with 
one another. or intertarpal Ligaments (réel). 
These comprise the radiate carpal ligament 
(13). the plso/rcmote Hgûmerït(14) h and the 
palmar intenarpal (15). dorsal mtercarpol 
(16), and interasseous ifitenrarpcf ligaments 

W 

Ligaments between the carpal and metacarpal 
bones, or tarporoetacarpaî ligaments (blue), 
To this group belongs the pisometacarpcl 
ligament (17). tire palmar œrpometacarpal 
ligaments (18). and the dorsn/ carpometa- 
carpaf ligaments (19), 

Ligaments between the metacarpal bones, or 
metacarpal ligaments (yellow). These are or- 
ganized into dorsal (20). interosseous (21), 
and palmar (22) metocntpal ügaments. 

Almost ail of these ligaments strengthen 
the joint capsules and partly guide the 
movements of the joints oF hand, 

The joints between the carpal bones of a 
row are designated as intwearpal joints. 
Only the joint between the triqnetmm and 
the pisrform. the pisiform joint deserves 
spécial attention. 

dnkal Tlp; Several more ligaments are de- 
scribed in hand surgt*ry, They are important m 
cases of surgiçaj intervontioa 
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A Ligaments of rigi 1 1 wrist. 
dorsal surface 


B ligaments ofrtg ht wrist. 
palmar surface 



C Section through right wrist, 
dorsal view 



D Diagram of ligaments 
of right wrist* dorsal surface 



E Diagram of ligaments 
of right wrïst, palmar surface 


Upper ümb 






Upper Llmb: Bones, Ligaments, Joints 


Movements in the Radiocarpaï and 
Mldcarpai Joints (A-C} 

Sterling frotn the niklposition (AX we dis- 
tinguish 

Marginal movements of radial déviation 
(abduction: B) and ulnar déviation (adduc¬ 
tion, O 
from 

- Movements in the plane of the hand, 
Le., flexion (paimar flexion) and extension 
(dorsjflexion) as well as 

- Intermédiare or comfrined rnove- 
metits 

Marginal Movements 

Pure radial abttattion: Radial abduction is 
carried out by the synergislic coopérai io n 
of the fdlowing muscles: extensor carpi 
radiaMs Ion gu s r abductor pollids longus» 
extensor pollids Ion gus, flexor carpi 
radia lis, and flexor pollids longus. the sco- 
phoid (red) is tiited toward the palmar sur- 
face. where it bétonnés palpable through 
the skin. Tilting of thls bone allows the 
tmpezium (blue) and trapezoid (green) to 
approath the radius. Since the trapezoïû 
and the second metacarpal bone are rigidly 
joined together and the flexor carpi radia lis 
and extensor carpi radïalis longus are in 
serted into the second metacarpal boue, 
radial abduction re présent s a pu I lin g ac¬ 
tion on this functkmal unit, nie trapezoid 
g I ides akmg the scaphoid and, as the latter 
tome is not fixed. il can be moved, and 
since it cannot free itself from its other ar¬ 
ticulations, it is forced to tilt. 

This ftffirçg movemenf occurs afong û radto- 
uinur tra ns verse exis. fn addition to tilting 
0 / rto souphoid there is palmar disp tore- 
ment of the other proximal carpal bones. 
Radial abduction occurs around a dorsopalmar 
axis, which runs through the head of fhe 
capitale (violet). In this movement the 
pisiform (dotted line) traverses the gneatest 
pat h. as can be seen in radiogiaphs. 


Pure ulnar déviation: Ulnar adduction irr- 
vofves g tilting or ctorscf sbi/f \ng of the prox¬ 
imal row 0 / carpal bones, The muscles col- 
laborating in this action arc espedally the 
extensor carpi ulnaris and the flexor carpi 
ulnaris. in addition to the extensor digi- 
Eorum and extensor digiti mini mi. Move¬ 
ment toward the ulnar side takes place a round a 
dorsopalmar axis through the head of the 
capitate. the fïlfing movmienr orotmd a 
radio utnar axis, 

Extent of Movements of Déviation 

Movements of déviation are equally possible on 
eitfter side of the midpodtîün The midposition 
corresponds to an ulnar déviation of \2 V and 
must not be tonfused with the straighr position 
of the hand. 

The straight posilkwi is one in which the long axis 
of the third finger runs over the capitate bone 
and is in a straight line with the long axis of the 
forearm. Sterling from the straight position 
radiai déviation is smaller, namcly t5 1 ', whiie 
ulnar déviation is about 4(T, These values aro 
only true when the arm is in stria supination: in 
strict pronation they are slightïy gieater. The 
angle is mudi larger if the forearm is pronated 
and the humérus mtated a round theelhow joint. 
Possibly the varions muscles are able to function 
more effettiveiy in the latter position, 

The radkigraphs From which Figures A-C were 
drawn were taken with the arm in pronation. 

h a ma te Orange 

lunate Black 

triquetmm Yellow 
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A Straight position of right hand 
(froma radiograph) 





8 R.idiaî abduction or rig ht ha nd 
{fromaradiograph} 


C Ulna r adduction of ri ght ha nd 
(froma ladiograph) 


Upper Umb 






34 Upper Llmb: Bones. Ligaments! Joints 


Movements In the Radfocarpal and 
Mîdcarpal joints, continuée! (A-C) 

Movements In the Plane of the Hand 

Palmar flexion and dorsiflexRm: The proximal 
carjmt bernes are dispiaeed foward the pd- 
mur side du ring dorsiflexion, toward the 
dorsal side du ring pdinuir/bdolL This be- 
comes particularty évident m the scaphoid 
(red) which protrudes toward the palmar 
side du ring do rsi flexion and is palpable 
through the skin. The axes of movements 
course tnms versety, through the lunate 
(black) Jbr the proximal row and (hropgh 
die capitale (violet) for the distal row, Flex¬ 
ion and extension cousis! of movements which 
take place around bot h these axes. The magni¬ 
tude of die angle between maximum dor- 
siflcxion and palmar flexion is about 170°. 
Palmar flexion omirs rrimnly at (fie radiocar- 
pal (wrisf) jornf t d or si flexion prédomina ntfy 
af fhe rmdcarpa/ joint. Palmar flexion takes 
place by the action of the long flexors of 
the fingers, as well as by the flexors of the 
wrist and the abducror pollicis longus. 
Dorsiflexion is carried out by the radial ex- 
tensors of the wrist and by theextensors of 
the fingers (p. 172). 

Int er media te or Combinée! Movements 

These resuit From the directions in which 
îhe involved muscles work, and through 
t hem and the movements of the varions 
joints, including the elbow and the 
shoulder, it is possible to produce move- 
ments which approximate those of a balf 
and Socket joint. One focus of ail joint and 
move ment axes ru ns through the capitale. 
The structure of the wrîsr nécessitâtes cer¬ 
tain restrictions of mobility: for example, it 
is not possible to produce abduction 
during maximum palmar flexion, because 
in the latter position the proximal row of 
carpal bones cannot be either dispiaeed or 
tilted. 


Carporoetacarpai and 
Inter met acarpal joints 

Carpometacarpal joint of the Thumb 

Tbts joint is a uddk joint, which ailows abduction 
and (uîdm lion of rhe thumb. as vvrll as o/jjm>sï 
fion. rcposjfioft and rircuroducrJofi. 

Carpometacarpat | oi nts 

Ail other joints between the rai pal and metacar- 
pal tunes are jmphürthrases They are flxcd by 
cens * 1 ligaments, the palmar and dorsal car- 
po métacarpe ligaments. 

intermet acarpal Joints 

These, too, are rigid joints and are hucd by dorsal, 
palmar. and inierosseous ligaments. 

Metacarpophalangeal and Digital 
joints (D~E) 

The metacarpophalangeai joints are ball- 
and-socket joints in shape with lax capsules. 
The palmar siée of the capsule is 
sfrengtfieiïed hy pafmar ligaments and 
fîbrous cartilage, The articulation is be¬ 
tween the head of the metacarpal (1) and 
the base of the proximal phalanx (2). Rc 
striction of movements is caused by the 
collateral ligaments (3), whose origin (4) is 
dorsal to The axis of motion of the joint of 
The head s of the metacarpals. The greater 
the movement. the tighter the ligaments 
become. In flexion, movements of abduc¬ 
tion are almost impossible, The joints may 
be rotated passively by up to 5(7. The joints 
between the bones of the fingers, the in- 
terphalangeai joints of the lurnd, are hinge 
joints, which may be flexed and extended. 
They, too r hâve collateral (S) and palmar 
ligaments. 

trapezoid Green 

Ériqnetrum Vellow 

trapezium Dark blue 

hamac? Orange 

pïsiform Black dot te cl line 



Mouements in lhe Radiocarpaï and Mrdtarpal Joints: Joints of Metacarpus and Digrts 



B Pal mar flexion 
of rïgfit hand 
(f rom a radio- 
graph} 


A Mid- pos ition of right hand, 
seen f rom side 
(from a radiograph) 


C Dcrsrfîexioo 
of right hand 
(from a radio- 
qraph) 



D Latéral view of digital joints 


5 


3 



E Palma r view of m et ara rpopha langeai a nd dig ital joi nts witti capsules removed 






Upper Lîmb 


Muscles, Fascias, 
and Spécial Feaîures 

Muscles of ihe S hou I de r Girdle 
and Arm 

Classification of the Muscles (A-C) 

Ontngenetically ihe limb muscles stem (rom the 
ventral bndy wall musculature. Their division 
info dorsal and ventral muscle gmups results 
from considération of rheir topography and in¬ 
nervation, The nerves anse from ventral or dor¬ 
sal parts of the plexus [see vol 3). The immigra 
lion into the shoulder girdle région of va nous 
muscles which ontogeneticaJJy stem from other 
régions, foi instance, from the branchial muscu¬ 
lature, has obscured the simple prlndple under- 
lying Ihis classification. Further information 
shoukl be sought in tcxtbooks of «nbryolqgy. In 
any description of the musculature, jt is impor¬ 
tant to retain the genet ic printïple as far as 
possible and by this to prove the nelationshipof 
the individu al muscles, 

Another method of classification is that of 
functional relationship. Here muscles are 
grouped together accordipg to their actions on 
individuel joints. 

Shoulder Girdle Muscles 

The shoulder girdle muscles may be 
grouped ontogenotically into the se which 
hâve migrated from rhe trunk into the 
upper limb, those which ex tend second- 
arily from the arm into the trunk, and 
those which hâve immigrated as cranio- 
thoracic muscles from the head to the 
shoulder girdle, 

Shunider Ginile Mlusdcs witJi Insertions ou tbe 
Humérus 

Dorsal Muscle Croup (sec p, 138} 

- Supraspinatus(l) 

- Infraspinatus (2) 

- Te res minor [3) 

- Ddtûid (4) 

- Subscapularis(S) 

- îeres major (6} 

- Larissimus doreï (7) 


Vferîtral Muscte Croup [see p. 142) 

- Coracobrachjalis (S) 

- Pectoralis minor 

(exception: insertion on the scapula) 

- Pectoralis major (9} 

Trunk Muscles which Ensert on the Shoulder Girdle 

Dorsal Muscle Group (see p. 144) 

- Rhomboideus major 

- Rhomboideus minci 

- I evator scapulae 

- Serrât us anterior 

Vtnfm/ Muscle Group (see p. 146) 

- Subdavius 

- ümohycud 

Cranlal Muscles which Insert on the Slioultkr Girdle 
(see p. 146) 

« TrepezÉus 

- Sternocleidomastoid 

Muscles of Arm 

The muscles of the limb are séparated according 
to their position into those of the arm and those 
of the forearm (see p. 158). The arm muscles are 
divided into ventral and dorsal gronps, which aie 
separated by intermuscuiar septa. 

Ventral Muscle Group [ see p. 154) 

- Brachia lis ( 10) 

- Biceps brach i i ( 11 ) wïth its long ( 12} and short 
(13) heads 

Dorsal Muscle Croup [see pi 156} 

- Triceps brachii with its long (Ml médial (15) 
and latéral heads [16} 

- Anton eus 

17 Axillary artery and vein 

18 Brachial artery 

19 Brachial veins 

20 Basilic vein 

21 Cephalicvein 

22 Radial nerve 

23 Médian nerve 

24 Unar nerve 

25 Media! antebrachial cutaneous nerve 

26 MuscuJocutdneous nerve 

27 Axi llary or circumflex nerve 



Musdes of tfie Shoulder Cirdle and Ann 



18 

23 
20 
25 

24 


B Section through 
middle of arm 


A Section through 
head of humérus 


C P|a nés ofthe sections 

















Upper Limb: Muscles, Fascias, and Spécial F-natures 


Shoulder Muscles 
Inserted on the Humérus 

Dorsal Croup of Muscles ( A-C) 

Insertion on the gre.it er tubercle of the humérus 
as wdl as the cnest of thegreatertubercle and its 
continuation (the supraspinatus. infrasptnatus, 
teres minor, and deltoid). 

The supraspinal us (1) arises from the su- 
prasprnous fustiti and the supraspf nous 
jbssa (2), tt passes over the >oint capsule, 
with which it is fused* to reach the upper 
facet of the greater tuberde (3). It holds the 
humérus in its Socket, ienses the capsule, 
and abducts the arm. Sometimes there is a 
synovial hursa near the glcnoid cavité 
Nerve supply: suprascapular nerve {C4- 
C6> 

Cllnkal Tïp: Tendonopathy of the supraspt- 
natus caused by excessive strain or trauma ts 
commoiL tt is assodated with calcification in the 
tendon near the greater tubercle and causes 
severe pain on abduction After the âge of 40 
years ruptures of the tendon also otcur. 

The infraspiflatus (4) anses ^rom fhe in- 
fraspinous fossQ (S), tfiesprne of scüpulû (6). 
and the infraspinous füsciû ; and runs fo the 
greater tubercle (7; middle facet). The in- 
fraspinatus rein forces the capsule of the 
shoulder joint Its main fonction is externaJ 
rotation of the arm Near the joint socket 
there is ofîen the subtendinous bursa of 
the infraspinatus muscle* 

Nerve supply: suprascapular nerve (C4- 
C6). 

Wm Variant: It is frequently fused with the teres 
minor. 

The teres minor (81 crises from the latéral 
border of the saipula (9) superior to the 
origïn of the teres major* and is rnserfed on 
the towerfacet of the greater tubercle (10). It 
acte as a weak latéral mtator of the arm, 
Nerve supply: axillary (circumflex) nerve 
(C5-C6), 

■ Variant It may be fused with the infiaspina- 
tus. 


The deltoid (11) is divided into three parts, 
davicular ( 12), acromial (11). and spinal (14). 
The davicular part arises from the latéral 
third of the riüvide (15), the acromîaE part 
from fhe acromïon (16) and the spinal part 
from the fower border of the spi'ne of the 
soapida (17). Ad three parts are attached to 
the deltoid tuberosity ( 18)* Jn the région of 
the greater tubercle of the humérus, theie 
is a subdeltoid bursa* 

The three sections of the deltoid muscle art 
partly as synergists and partly as antago¬ 
niste. It is the most important abductor of 
the shoulder joint* Abduction up to about 
90" is mostly performed by the deltoid* at 
fïrst only by the acromial fi bers. Only after 
the fïrst twothirds of t he movement of ab¬ 
duction hâve been completed do the 
davicular and spinal frbers become re- 
sponsible for the movement* The davicular 
and spinal frbers are ahle to adduct the arm 
after it has been lowered to a third of its 
range of movement. The davicular fibers* 
aided by some of the acromial fibers, tan 
produce anteverskm. and the spinal fibers. 
helped by other acromial fibers. produre 
retroverstofi. These movemenfs are super- 
imposed on the framework of basic move- 
ments of the arm (swinging of the arm 
whiïe walking), The davicular and spinal 
sections of the deltoid exert a rotary action 
on these movements. The davicular fïbers 
can produce médial (internai) rotation in an 
arm which is adducted and lateraliy ro- 
tated. while the spinal fibers can produce 
(latéral) (extemal) rotation in a medially ro- 
tated arm. 

Nerve supply: axillary (droumflex) nerve 
(C4 CG): davicular libers also by pectoral 
branches (C4-C5)* 

Mi Variant: Fusion with neîghLboring missiles : 
absence of the acromial fïbers: occurrence of su- 
pemumary groups of rruisde fibers, 

19 Teres major 

20 Long head of the triceps 

21 Latéral head of the triceps 

22 Trapezius 

23 Levator scapulae 


Shoulder Muscles Inserted on the Humérus 
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A Dorsal Shoulder muscle si rsserUnq 
on greater tuberde and itscrest, 
view frfjm back 


C Diagram of origin. courte, 
and Insertion of musdes 


B Deltoid musde seen from side 


qiun jaddfi 
















Upper Umb: Muscles. Fasdas, and Spécial Fea tu res 


Shoulder Muscles 
Inserted on the Humérus 

Dorsal Muscle Croup, continuée! (A-D) 

Insertion on the lesser tubertk and tes crest 
sufoscapularis, leres major and latissimus dorsi 

The subscapuUris fl) arises in the sufe- 
scopufar fo&so (2) and is mserfed on rfoe 
tesser ttiberde [3) ontf the proximal port of 
its crest Near to its attachment between 
the substapularis and the joint capsule tir¬ 
eurs the subtendinous bursa of the sub- 
scapuforâ (4), and between it and the base 
of the coracoid proress lies the subcoracoid 
bursa (5). Boih bursae are eonnecïed with 
the joint space. tr produces media! (inter¬ 
nai) rotation of the arm. 

Nerve supply: subscapular nerve (C5-C8). 

WM Variant: The occurrence of accessory 
hwndks. 

Cllnical Tïp: Paratysis of the sutacapularis 
produces maximal latéral (external) rotation of 
the upper limh, which indkates that it is a par¬ 
tial lady strong médial rotaior of the arm. 

Jhe term “rotator cufT is often incorrectly used 
for lhe subscapuJaris. supraspinatus (G), infraspi- 
natus(7^and teres miner (S) muscles, h is more 
correct tu use the ternn "muscle-tendon cufT or 
"tendon h-ood " 


The lercs major (9), which arises /rom rfie 
latéral border (10) of the scapula near the 
m/en'or angfe, is inserted on the crest of the 
tesser tnbercle (II), near the subtendinous 
bursa of the te res major Its main function 
is rétroversion of lhe arm toward the mtd- 
Hne. a movement requiring rétroversion 
and simuitaneously a small médial rota- 
tton. It is particularly pFominent if the arm 
has previously been ameverted and 
slightly abducted. The muscle also helps in 
adduction. 

Nerve supply: thoFatodorsal nerve {C6- 
C7\ 

WM Variant: Fusion with the latissimus dorsi or 
complété absence of the muscle. 


The làtlssimus dors! (12) is broad and Hat, 
and is the largest muscle in huma ns. ft 
anses from the spinous processes of the 
seventh to twelfth thoracic vertebrae (13) as 
the vertébral part from the rfioroco/umftnr 
fascia (14) ond the posterior third of the 
if toc cresf (15) as the iliac part, from ffte 
ÎOrh- I2ffi ribs (16) as the costal part, and, in 
addition, very often from the in/ericr ongle 
of the scapulo as the scapular part (17). The 
latissimus dorsi thus usually arises in foui 
parts which hâve different fu ne tiens. It 
develops embryologiealîy with the teres 
major, with which it is inserted on the cresf 
of the fesser tubercle (18). The subtendinous 
bursa of the latissimus dorsi lies immedi- 
atety before the junction of both muscles. 
The latissimus dorsi provides the muscular 
basîs of the posterior axillary fold. It Jowers 
the raised arm and adducts it. When the 
arm is adducted, it pulls it backward and 
medially. and rotâtes it so far mcdiaîïy thaï 
the back of the hand can cover the bottock. 
The latissimus dorsi is ofien ealïed the 
“dress coat pocket" muscle. Both latissimi 
can act together to pull the shoulders back 
ward and downward. They function, too, 
durïng forced expiration and in roughing 
(coughing muscle). 

Nerve supply: thoracodorsal nerve (C6- 
C8). 

Ml Variant: The occurrence of aliénant muscle 
fibers that run into the pecioralis major as a 
muscular arch across the axilla. 


19 Long head of triceps muscle 

20 Long head of biceps muscle 

21 Coracoacromial ligament 

22 Clenoid cavity 
21 Clenoid lip 

24 Joint capsule 

25 Bursa of supraspinatus muscle 

26 External oblique abdominal muscle 

27 Trapezius muscle (partly resected) 



Shoulder Muscles Inserted on the Humérus 141 




A Anterior view of dorsal shouldcr 
muscles înserting onttie lesser 
tuberde and ils aest 


C M usde- tendon Ojff 


B Fostaior view/ of lattes im us dorsi m usde 


10 

D Diagrâm of origin. course, 
and insertion of musdcs 


Upper Llmfc» 



















142 Upper Umb: Muscles, fastias. and Spécial Features 


Shüulder Muscles Insert ed on the 
Humérus, contl nu ed 

Ventral Muscle Croup fA, B) 

The rorarobrariiialïs (1) mises /rom ffce 
coracord process (2) together wlth the short 
head of the lïiceps brachii. It is fnserted on 
the médial surface qf fhe humérus on the 
confirma flou of the crest of the fesser 
tubercte (3). It anteverts the arm and also 
holds the head of The humérus in its joints 
socIteL 

Nerve supply: musculocutaneous nerve 
fC 6-01 

The pectoralis minor (4) is the only 
shoulder girdle muscle which is not in- 
seried on bone in the free Hmb. It anses 
from the 3rd-5th ribs (5) and is inserted on 
the corocoid process (6). It (owers and ro¬ 
tâtes the scapula. 

Nerve supply: pectoral nerves (CG-C8), 

Ml Variant: Mort. 1 or fewer slips of origin. 

The pectoralis major (7) is divided into 
thiee parts, i.e. T the davicukr, sterïtocostal 
and abdominal parts, 

The davicular part anses from the médial 
hütf of the anterior surface of the davkle 
(S), while the sternocostal part cornes/rom 
the sremaf membrane and the cartilages t/ 
the 2nd- Sth ribs (9). There are additional 
deep ortgins (10) of the sternocostal part 
from the 3rd (4th)— 5tTi costal cartilages, 
The weaker abdominal part stems from the 
anterior loyer of the uppermosf part (11) of 
the rectus sheath The pectoralis major is in- 
serfed on the crest of the greater tubercte 
(12) in such a manner that lhe fibeFs are 
twisted. so that the abdominal part is at- 
tached most proximally and forms a pocket 
which is open above. 

it is a strong muscle, fouF-sided when the 
arm hangs down; when the arm is Faised, 
its borders form a triangle, lt foFms the 
muscular basis of the anteFiOF axillaiy fblcL 


With the arm abducted t the davicular and 
sternal parts can produce antevejsioix, a 
movement whidi is familial from swint- 
ming, Ail parts of the pectoralis major art 
together, and forcibly and rapîdly lower the 
raised arm. In addition, the whole muscle 
can adduct the arm and rotate it medially. 
The sternocostal and abdominal parts to- 
gether lower the shoulder anteriorty. 

Finally, the muscle can act as an accessory 
muscle during inspiration if the amis are 
fixed, Exhausted athlètes after a race may 
be seen to prop up their arms on their 
trunk, so that the pectorales majores can 
be brought into action as accessory 
muscles of respiration to move the thorax. 
Nerve supply: pectoral nerves (C5-T1 ). 

Ml Variants: Individuel sections iruy be absent. 
Ttie sternocostal part inay be divided into a ster¬ 
nal and a costal part. Sometimes the davicular 
part is in direct contact with the ddtoid muscle 
when there is ne clavipectoral tr^one(p.370). A 
muscular axiltary arch may be fcrmed which is 
related to the Jatissimus dorsi muscle. There is a 
variant form in about 7 % of cases. 


13 Short head of the biceps 

14 Long head of the bicef>s 

15 Ueltoid (partly resected) 


ShouWer Muscles Inserted on the Humérus 
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A Ventral s hou fdcr muscles, a nterio r view 



B Diagram tîf origin, course, and insertion of musdes 


Upper Ümb 
















UpperLfmb: Muscles, Fastias. aod Spécial Features 


Trunk Muscles 

Insertlng on the Shoulder Girdle 
Dorsal Muscle Group (À-D) 

The rhomboid minor (1) oiigtnüfes from 
the spinom processes 0 / fhe sixtfi fo sevcntfr 
cervical vertebrae (2J and mserfs ûf the me- 
flrâl border 0 / the s capula (3). 

The rhomboid major (4). situated caudal 
to the rhomboid minor. arises fratn the 
spinous processes of the ftrst to fourth 
thoracîc vertebrae (5) and likewise inserts 
at the médial morgfn 0 / fhe s capula (3k 
caudal to the insertion of the rhomboid 
mi non 

Bot h muscles hâve the same function. 
namely to press the scapula onto the 
thoracîc watt, and they can retract the 
scapula toward the vertébral column. 

The two muscles are sometimes fused to 
Form a single rhomboid muscle. 

Nerve supply: dorsal scapular nerve (C4- 

C5). 

The levator scapula e (6) anses from the 
dorsal mberctes of the tra ns verse processes 
of the first to fourth cervical vertebrae (7) 
and ts in sert ed on the superior angle 0 / fhe 
scapula and the adjacent part of the médiat 
border (S). It elevates the scapula while ro¬ 
ta ting the inferior angle media!ly. 

Nerve supply: dorsal scapular nerve (C4— 

C5). 

The serralus an ténor (9J usuaffy anses by 
nine (fenj s/fps from the 1st-9th ribs (10) 
but sometimes from rïbs 1-8. The number 
of slips is gréa ter than (he number of ribs 
from which they arlse. as there are usualty 
two slips From the 2nd rib. The insertion 0 / 
the muscle extends from the superior to the 
inferior angles along rhe en tire médial 
border 0 / the scapula (3), The muscle is 
divided in to three sections accord ing to the 
points of insertion* namely a superior part 
(11). irïserted neaF the superior angle of the 
scapula. an intermediate part (12). inserted 
along the médial border of the scapula. and 


an inferior part (13) which is attached near 
to or at the inferior angle of the scapula. 

Atl three parts pull the scapula toward the 
front, a movement essential for antéver¬ 
sion of the ann. It is the opposite of thaï 
produced by its antagoniste. the rhomboid 
muscles.Thesuperior and inferior parts to¬ 
ge ther press the scapula onto the thorax, 
and in this movement they act synergisti- 
caliy vwith the rhomboid muscles. The infe 
rior part rotâtes the scapula laterally and 
pulls the inferior angle latéral and farwand. 
This movement makes élévation of the arm 
possible. Ail three parts may act to lift the 
ribs when the shoulder girdle is fixed. and 
so can act as an accessory muscle of respi¬ 
ration. 

Nerve supply: the long thoracîc nerve (CS- 

en 

m Variant*: An increased or deeieascd number 
of slips of origin. 

CNnkii Tfp: Paralysis ofthe sén at us antei ior 
produces the condition of wirvqed scapula on the 
aftected si de and makes lifting ofthe arm latér¬ 
al ly beyond 9CT impossible. The possibitily of 
damage to the rhomboid muscles rniist bc con- 
sidened in die difFerential diagnosis, as this may 
also pruducea winged scapula, although without 
interfering with élévation ofthe arm. 


14 Subscapular 

15 Teres major 

16 Teres minor 

17 Infraspinatus 
IB Supraspinatus 

19 Clavide 

20 Subdavius 

21 External oblique muscle 
of the abdomen 

22 Section through the scapula 
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B Diagram of origtn. courte, 
and insection of musdes 


D Diag ram of or igi n. course, a nd insertion 
of serrâtes anteriormusde 
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Upper Umb: Muscles, Fa scias, and Spécial Features 


Trunk Musclés Insertfng on the 
Shoulder Girdle, continued 

Ventral Muscle Croup (A-C) 

The subclavius (1) prises from die jt/ncrfon 
ofbone and cartilage of the Jsf rib and is in- 
serted irto the snbdavian groove on the 
fower sur/ace 0 / the davicle It pulls the 
cia vide toward lhe sternum and so stabi- 
lizes the sternoc la vicular joint 
Nerve supply: subclavian nerve (C5^C6), 

■■ Variants; This musde may be absent 

The omohyoid is a two-bellied muscle: its 
inferior belly (2) prises from the upper mar- 
fpn ( border) of the scapula near the scapu- 
lar notch (3), and its super ter behy (4) inscris 
at the latéral one-third of the fower border 
0 / the body of the byoïd bene (5), it is, 
among others, a fascia tenser and, as a 
vascular musde. dilates the internai jugu¬ 
la r vein lying beneath it fsee also p. 3 26 J, 
Nerve supply: ansa cervkalis ^profundjT 
(Cl -C3). 

■* Variant: The muscle may anse from the 
davicle instcad of the scapuia, in which case it is, 
knewn as thodeidühyoèd musde. 

Crantai Muscles Inserted ou the 
Shoulder Cirdle (A-C) 

The trapezius (G) is divided into descend ing. 
transverse and ascending parts, 

The descending part Prises from the superior 
mtchal Une. the externat occipital protubér¬ 
ance and fhe nudhal ligament and is in» 
serted on the latéral thitd of the cio vicie (7). 
The transverse part anses from the sevenfh 
cervrcaJ fhrrd thoracic wrtebrae (from lheir 
s pi nous processes and supraspinous liga¬ 
ments) and is inserted on the ncromia/ end 
o/ tfie riavtde, the acromion [8) and pert of 
the s pine of die scapula (S). The ascending 
part prises from rhe second or rfiird to 
twelfth tfioraeïc vertebme (from the 
spinous processes and supraspinous liga¬ 
ments) and is inserted on the friongi/far 
portion of the spine or the adjacent part of 
the scapula (10: see also figures on. p. 329). 


The primary action of the trapezius is a 
sratic one* namely to stabilize the scapula 
and thus to fia the shoulder gindle. In ils ac¬ 
tive furction, when it contracts» it pulls the 
scapula and the davicle backward toward 
the vertebFal column. The descending and 
ascending parts rota te the scapula, and the 
former, in addition to adduction, also pro 
duces a slight élévation of the shoulder and 
so assists the serra tus anterior. If the latter 
is paralyzed, the action of the descending 
part of the trapezius may still permit soine 
élévation of the arm above the horizontal. 
Nerve supply: accessory nerve and 
trapezius brandi (cervical plexus C2-C4). 

■I Variants; The attachment to the r] avide may 
be widened to extend ro the origin of the stemo- 
deidormstoid muscle. In these cases there is a 
tendimus arch for the passage of the supra- 
clavicular nervra {p 358). 

One head of the sternocleidomastoid (11J 
anses from tfie sfmmm (12) and the other 
from the clavicle (13), It rs inserted on the 
mauoid process (14) and die supertor nu- 
chüi dne (IS), where there is a tendinous 
junction with the origin of the trapezius. 

As its action on the shoulder girdîe is of 
minor importance, it is not discussed here, 
but subsequently with the muscles of the 
head (see p. 328). 

Nerve supply: accessory nerve and cervical 
plexus (Cl-G). 
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A Immigrant trunk muscles inserüng 
on the slioutdergErdle: lateFal view 
of ventral group 



B Diagram of ûrigin, course. and insertion of musdes 



C Diagram of attaehment 
of musdes to scapula 
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Upper Umb: Muscles, Fascias, ar>d Spécial Features 


Fu net ion of the Shoulder Grdle 
Muscles (A-Q 

We distipguish adduction, drawing of the 
arm toward the body, and abduction, 
latéral raising of the arm througb 90 e 
a round a sagittal axis which ru ns through 
the head of the humérus. Elévation which 
may be a continuation of abduction, is nor 
due to movement within the shoulder joint 
but is produced hy rotation of the scapula, 
the inferior angle of which is rnoved for- 
ward and latérally. 

In addition, theFe is antéversion or for' 
ward lifting of t he arm, and rétroversion or 
backward lifting of the arm. Both move- 
ments occur around a frontal axis which 
runs through the head of the humérus, 

Finally there is rotation of the upper Hmb. 
This is due to pivoling of the arm (hanging 
down by rhe side) around an axîs which mns 
from the head of the humérus through the ulnar 
styloid process. It corresponds to the axis of 
pronation and supination of the forearm. 
so that we may say that rotation leads to 
reinforcement of t he movements of prona¬ 
tion and supination. We distinguish bc- 
tween latéral (externat) and médial (inter¬ 
nai) rotation The compound movement of 
rircuinduction may also be either a latéral 
or médial cirtumduction In it, the movement 
of the humérus is cone-shaped. Obviously, 
the same muscles which are active in rota¬ 
tion of the arm also fonction in circuinduc¬ 
tion. 

Adductors (A) include 

- The pectoraiis major (red) 

- The long head of the triceps brachii 
(blue. see p. 156) 

- The teres major (yellow) 

- The latïssimus dorsi (orange) 

- The short head of the biceps brachii 
(green) 

- The davicular and spinal parts of the 
deltoid (brown, broken line) 


Abduction (B) is produced by 

- The deltoid (red) 

- The supraspinatus (blue) 

- The long head of the biceps brachii 
(yellow) 

The serratus anterioF and trapezlus may 
aid this movement by producing slight ro 
ration of the scapula* 

Elévation (C) of the upper limb is produced 
by 

- The serratus anterior (red) 

Beforc the arm can be elevated, it must î>e 
abducted by the deltoid, the long head of 
the biceps brachii and the supraspinatus. 
In the transition from abduction to éléva¬ 
tion, the trapezius (blue) supports the ac¬ 
tion of the serratus anterior. The effect of 
the latter dépends on its action on the 
clavicular joints (acromiüclavîcular and 
sternoelavicul a r j oi n ts ). 

tUnkjl Tïp: If the serrât us muscle is para- 
lyzed, élévation ot the arm is ümiied to the 15* 
produced by action of the trapezius. 

In fractures of the humérus, the level is an im¬ 
portant déterminant of the dispkïcernenî of the 
bony fragments. If the fracture is proximal to the 
insertion of the del toid muscle, the greater ad- 
duttor force causes the proximal bony fragment 
to be pulled médial ly. If the bone is broken dis- 
tally m the deltoid insertion, the overpowedng 
force of the deltoid muscle pulls the proximal 
part lateraliy and anteriorly 

The colot of the arrows shows the order of im¬ 
portance of the muscles in individuel move- 
ments; 

red 

blue 

yellow 

orange 

green 

brown 
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B Abduction 


qujn Jaddn 



















Upper Llmb: Muscles. Fastfas. and Spécial Features 


Fu net ion of the Shoulder Girdle 
Muscles, continued (A-D) 

The muscles which produce Antéversion 
(flexion; A) includc 

- The davicular and some of the acromial 
fibers of the deltoid (red) 

- The biceps brachii (blue, see p* 154) 

- The pectoralis major (yellow) 

- The coracobrarhiahs (orange) 

- The serra tus anterior (gneen) 

Cllnkal Tlp: Antéversion is still possible in 
paialysis of the serrât us anterior* but it isaccom- 
panied by rrwiked élévation of the scapula from 
the thorade watt (wjnged scapula). 


Rétroversion (extenison; B) is brought 
about by 

- The teres major (red) 

- The latissimus dorsi (blue) 

- The long head of the triceps braebii 
(yeltow) 

- The deltoid (orange) 

There is atways some associated mewe- 
meiit at the acrumiodavicular joint 

Latéral (extemal) rotation (C) is produced 
by 

- The infraspinatus (red). lhe te res minor 
(blue) 

- The spinal part of the deltoid (yellow) 

The strongest latéral rota ton the infraspi- 
natus. performs much more work than ail 
the orhers tombined. Wiih latéral rotation, 
the scapula and davicle are simultaneously 
puUed backward by rhe trapezius and 
rhomboid muscles* Thus, this action also 
involves movements at the stemoclavicu- 
îar and acromtocLavicular joints. 

Cltnkai Tip: During sudden latéral rotation, 
the antagonistie pulling force of the most power 
fui médial rotator, the subscapularis. may result 
in avulsion of the lesser lubertle. 


Médial [internai) rotation (U) is carried 
out by 

- The subscapularis (red) 

- The pettoralis major (blue) 

* The long head of the biceps (yeilow) 

- The davicular part of the deltoid 
(orange) 

- The te res major (green) 

- The latissimus dorsi (brown) 

By far the strongest action is produced by 
the subscapularis and the weakest by the 
latissimus dorsi. When the elbow is ex- 
tended. the short head of the biceps (not iï- 
lustrated) also contributes slightly. 

The eiied movements. however. do net 
occur exclusively at the shoulder joint. In 
the living person, an associated movement 
of the shoulder girdle always takes place, 
as weli as thaï of the trunk with certain 
movements. 

The color of the arrows shows the orrier of im 
portance of the muscles in the indivirtual move- 
ments; 

red 

blue 

yellow 

orange 

green 

brown 
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A Antéversion 


B Rétroversion 


A-D 

Furitlion of the shoulder 
gîrde muscles 
(continued) 


C Latéral rotation 


D MerîaJ rotation 
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Upper Limb: Muscles, Fa scias, and Spécial Features 


Fasdas and Spaces 

In the Shoulder Cirdle Région 

Fasdas (A, B) 

Each shoulder girdJe muscle is surrounded 
by irs nwn fasda lo permit free movement 
of the muscles against each orher Pariicu- 
larly strong fasdas are the deltoid fascia 
(1), the pectoral fascia (2), and the 
clavipertoral fa scia {3)„ 

The deltoid fa scia envers the deltoid muscle 
and s ends numerous septa deeply between 
the individual muscle bundles. Anteriorly 
it is attachée] to the pectoral fascia and pos- 
teriorly, where it js espedalïy strong, it 
nierges into the fascia which covers the în- 
frasptnatus muscle, Distally it continues as 
the brachial fascia (p. ISO). Additionally it 
is fixed to the spine of the scapula, the 
acronitcm and the clavide. 

The pectoral fascia covers the superficial 
surface of the pectoralis major muscle and 
extends from there over the deffoideopec- 
tOTat stdcus (4) to the deltoid muscle. It is 
at tached to the axillary fascia (S), which is 
parlly Joose and partly dense, 

The clavipectoral fascia surrounds the sub- 
clavius, the pectoralis minor, and partly ex¬ 
tends over the coraco brachial is. It sépa¬ 
râtes the pectoralis major from the pec¬ 
toralis mînor. At the latéral border of the 
Jatter it radiâtes into the axillary fascia. 

A spécial feature of the remainmg fasdas is 
ttiat in the région of the infraspinatus and 
teres mînor they may becorne aponeurotic 
and muscle fi bers may actually arise from 
them, 

The axillary fascia forms tbe continuation of 
the pectoral fascia as far as the fasda 
covering the Jatissimus dorsL lt dœs not 
consist of régula rly arranged, dense con¬ 
nective (issue, but instead there are zones 
of loose fis sue which may easily be re- 
moved, AFter removal of the loose pan of 
the axillary fascia, an aval zone may be 
seen, tbe proximal fascial border of which 
is cailed the axillary arch of Inrçger. 


Spécial Spaces in the Shoulder Cirdle 
Région (Axiiary Spaces and Axliia) 

Axillary spaces (sec p.374)l There is a mé¬ 
dial and a latéral axlilaiy spate. These spaces 
are cailed the friangidar and quadrangutor 
spaces* respectively, because of their 
shapes, The médial or triangular is 
bounded by the teres minor, the teres 
major and the long head of the triceps bra- 
chii, the latéral or quadrangujar space by 
the long head of the triceps brachii, the 
teres minor. the teres major, and the 
humérus. 

Axilla. The axllla is pyramidal in shape. 
Anteriorly it is limited by the artferior axrj- 
iaiyfold (6). the muscular basis of which is 
the pectoralis major, and also deep in the 
anterior wall are the pectoralis minor and 
the davi pectoral fasda. The poste rior wall 
of the axilla consists of the posterior axif- 
lary fold (7\ which is basically formed by 
the latissimus dorsi, More over, rite sub- 
scapu taris, with the scapula and teres 
major also participai in the formation of 
the dorsal walL The médial wall is formed 
by the thorax and the serratus anterior 
covered by a fascia. The latéral wall cou¬ 
sis ts of the upper part of the arm, (The cou 
lents of the axilla are described on p. 372.) 
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A Fasdas in région of the davipectoraf triangle 
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Upper Limb: Muscles. Fascias, and Spécial Features 


Arm Muscles 

Accord ing to tïieir position the muscles of 
[lie upper limb may be divided into arm 
and forearm muscles. In the arm, the ven¬ 
tral group is divided from the dorsal group 
by the intermuscular septa. 

Ventral Musde Croup ( A—C) 

The brachialis (1 ) grises irom the dtstaf half 
of the anterior surface of the humérus (2) 
and the intermuscular septa. it is inserred 
into the ulnar iuberosity (3) ond rfie joint 
capsule (as the articular muscle). It is a 
single joint musde and is the most impor¬ 
tant flexor of the elhow joint independent 
of pronat ion or supination of the foreann. 
Ils full power is exerted in lifting a heavy 
Joad. In such a movement there is also 
slight rétroversion at the shoulder joint 

Nerve supply: muscuiocutaneous nerve 
(C5-C6). A small. latéral pan of the muscle 
is supplied by the radial nerve (C5 -C6). 

H Variant: Insertion into rhe oblique cord or 
into the radius. 


The biceps brachiî (4) anses with its long 
head (5) from the supragfenoid ruberr/e (6) 
and with its short head (7) from the comcoki 
process (8). Both heads usually join. at The 
îevel of insertion of the deltoid, into the bi 
ceps muscle, which again terminâtes witli 
two tendons. The strongpr tendon is rn- 
serfed fnto the radruf ruberosity [9), with a 
bicipitoradial bursa endosed- The other 
flattened tendon, the bietpiraf aponeurosis 
(10). whose fibers fbrm the continuation of 
part of the short head. radiotes into the 
antebrachial fasaa cm the ufnar ride. The 
long head traverses the shoulder joint and. 
covered by a synovial sheath, it extends 
atong the intertubercular groove (11) of the 
humérus. In its action it uses the head of 
t he humérus as a Fulcrum. 

The biceps brachii acts on two joints, With 
its long head it abducts the arm and rotâtes 
it medially. The short head is an adductor. 


Both heads are active in antéversion of the 
shoulder joint The biceps brachii is also a 
flexor and strong supinator of the elhow 
joint 1rs supinator action is increased 
during flexion of the elhow joint. It should 
be pointed ont that, on the whole, the supi 
na tors are more strongly developed than 
the pronators. There fore, the most essen 
riat rotary movements of the forearm are 
supinator movements (e.g,, turning a 
screw). Its aponeurosis s pans the fascia of 
the forearm. 

Nerve supply: inusculocutancous nerve 
(C5-C6). 

H Variant; ïn 10% of rases a third head may 
arisefrom the humérus tojoîn tu The briïy of the 
biceps. 

Cintrai flp: The tendon of the long head of 
the biceps is especiaUy susceptible to musde or 
tendon rears, When this tendon is rupfured, the 
head of the humérus stands high. 

12 Long head of the triceps brachii 

13 Latéral head of the triceps brachii 

14 Médial head of the triceps brachii 

15 Latéral intermuscular septum 

16 Médial intermuscular septum 

17 Lrtissimus dorsi 

18 Subscapularis 

19 Pectoralis minor 

20 Coracobrachialis 
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Plane of section 


C Dlagram of origin, course, 
and Insertion ol musdes 


Anterkïr view 
of arm musdes 


B Section thnoug h midd le of anm 
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156 Upper Llmb: Muscles, Fastias, and Spécial Features 


Arm Muscles, continue*) 

Dorsal Muscle Croup f A-C) 

The triceps brachii (1) has three heads, 
long (2), médial (3) and latéral (4). 

The long head (2) Grises from thc infragie- 
noid tubercle of thc scapuia (S) and ex rends 
disially in front of the teres minor (6) and 
behind the teres major (7). The médial head 
(3) ornes disful/y from thc groowe Jbr ffte 
radia/ nerve (8), from the dorsal surface of 
the humérus (9). from the metfiol inrer- 
musru/ar septum (10), and, in its distal part, 
al,so from the latéral rnrermiisrular seprum 

(11) - The médial head is largely covered by 
the long and latéral head s* Jr is only visible 
distally as it lies flattened against the 
humérus. The latéral head (4) avises from the 
dorsal surface of the hum mis latéral and 
proximal to thc groave for the radial nerve 

(12) . Proximally ir or(gi r naïes just beneofh 
the gréa fer tubcrde ( 13 ) and ends distatfy in 
the région of fhe latéral mtenriuscular sep¬ 
tum (U). 

The three heads fuse in a fiat common-end 
tendon, which is inserted on fhe olecranon 
of the ulnü (14) and fhe posferior wall of the 
capsule . The long head of the triceps bia- 
chii acts on two joints, while with the other 
heads it acts only on one joint, lt is the ex- 
tensor of the elbow joint, At the shoulder 
the long head is involved in rétroversion 
and adduction of the arm. 

Part of the tendon of the triceps brachii 
radiâtes into the forearm fascia and may al 
most conipletely cover lhe antoneus. In 
the région of its attachment to the 
otccranon there are often bursae; the sub 
cutaneous olecranon bu rsa and sobten- 
dinous bu rsa of the triceps brachiL Sorne- 
times an intratendinous olecranon bursa 
can be seen. 

Nerve supply: radial nerve (C6-C8)i 


H Variants; A tendinous arch is my frequently 
fourni betweer the origin uf The long head and 
the Tendon of insertion of the latissfmus dorsi, 
Very rardy the long head can arîse addilionally 
from the latéral margin of the seapula and from 
the articular capsule of The shoulder joint 

The anconeus (15) arises from the dorsal 
surface of the latéral épicondyle (16) and the 
radial collateral ligament and fs rnserred 
into the proximal one fourth of the dorsal 
skSe of the tdna (17), close to the médial 
head of the triceps brachii. Its fonction is to 
assist the triceps brachii in produring the 
movement of extension, and it also tenses 
the capsule of the elbow joint. 

Nerve supply: radial nerve (C7-C8), 

18 Trapezius 

19 Deltoid 

20 Infrasplnatus 

21 Biceps brachii 

22 Brachialis 

23 Coracobrathialis 

24 Humérus 
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C Diagram of orsgin, course, 
and insertion of musdes 


PÈsneof section 


— 15 


A Posterior view of arm musdes 


B Section tfrough middle of arm 
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58 Upper Llmb: Muscles. Fasdas. and Spécial Features 


Muscles of the Forearm 


Classification of the Muscles (A-D) 


| 

I 


The forearm muscles are divided into Ihree 
groups according to lheir relationship to 
the various joints, their attachments and 
their mode of action. 

- One group comprises muscles attachée! 
to the radius, which are only involved 
in movements of the bones of the fore¬ 
arm. 

- The second group of forearm muscles 
extends to the metacarpus and pro¬ 
duces movement at the wrist 

- The third group comprises those 
muscles that ex tend to the phalanges 
and are responsible for fmgpr move¬ 
ments, 

Another System of classification is based 
on the position of the muscles in relation 
to each otber The ulna and radius with the 
interosseous membrane separate a ventral 
muscle group. the flexors, from a dorsal 
group of extensors. Connective tissue sept a 
between the ventral and dorsal muscles 
separate a radial group, The flexors and ex- 
tensors can be divided into superfkial and 
deep muscles, Finally, the muscles of the 
forearm may also be divided into two 
groups accord ing to lheir innervation— 
from eïther the ventral or dorsal portions 
of the plexus, 

From the practical point of view, the 
muscles will be dassifïed accord ing to 
their positions relative to ont? another This 
also provïdes the most comprehensive 
functional subdivision. 


Ventral Group of Forearm Muscles 

Superfïrial Loyer (see p. 16C) 

- Pronator teres (1) 

- Rexor digitorum superficialis (2) 

- Flexor carpi radialis (3) 

- Palmaris longus (4) 

- Flexor carpi ulnaris [5) 


Deep Loyer (see p, 162) 

- Pronator quadratus (fi) 

- Flexor digitorum profundus (7) 

- Rexor pollicis longus (8) 

Radial Croup of Forearm Muscles 
(see p. 164) 

- Extensor carpi radialis brevis (9) 

- Extensor carpi radialis longus (10) 

- Brachioradjalis (11) 

Dorsal Croup of Forearm Muscles 

Superfiàat Loyer (see p. 166) 

- Exteasor digitorum (12) 

- Extensor digiti minimi (13) 

- Extensor carpi ulnaris (14). 

Deep Loyer (see p t 16Ë) 

- Supinator(lS) 

-* Abductor pollicis longus (16) 

- Extensor pollicis brevis (17) 

- Extensor pollicis longus (18) 

- Extensor indicis (19) 


20 Médian nerve 

21 Ulnar nerve 

22 Superficial branch of radial nerve 

23 Deep branch of radial nerve 

24 Muscular branch of médian nerve 

25 Brachiaiis artery 

26 Radial artery 

27 Ulnar artery 

28 Basilic vein 

29 Cephalic vein 

30 Radius 

31 Ulna 

32 Interosseous membrane 

33 Commen interosseous artery and vein 

34 Anterior interosseous artery 

35 Posterior interosseous artery 



Muscles of the Forearm 1S9 





C Section through 18 12 13 

dislaf third of fore,ion 


B Section thraugh 
midtlle third of forearm 


35 iS+iy 
20 A 2 27 21 
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Upper Limb: Muscles, Fasdas. and Spécial Features 


Ventral Forearm Muscles 
Superf Idal Layer (A-D) 

The pron.it or teres (1) oriigifiafes with its 
humerai head from the médiat épicondyle of 
the humérus (2) and from the médiat inter- 
muscufar septum and wlth its ulnar head 
/rom fhe roronoid process of the utna (3), Il 
inscris at the pronator tuberosity (4) of the 
radius. Together with the pronator quadra- 
ius, it prônâtes the forearm and con- 
tributes to flexion at the elbow joint. 

Nerve supply: médian nerve (C6-C7), 

H Variants: The ulnar head may be absent. If a 
supracondyJai process is piesem (s« p. 114), the 
humerai head will aIso anse from it. 

The flexor digitonim superfîcUtis (5) 
arises by ifs humoral head from the médiat 
épicondyle of the humérus (6). I>y its ulnar 
head /rom fhf roronofd process of the utna 

(7) , and hy its radial head from the radius 

(8) . Between rhe heeds stretches a ten- 
dinous arch which is crossed below by the 
médian nerve and the ulnar artery and 
vein. its tendons run in a common sheath 
(see p. IS2) through the carpal tunnel The 
muscle ends in four tendons, eaeh inserted 
onto the latéral bony crests (9) fn the tenter 
ofthe m iddte phalanges of the s ecvnd-f\fth 
fmgers . At this point the tendons divide 
into two slips (10. perforated muscie). The 
tendons of the flexor digiforurn profundus 
(11) glide between and thnough them. ït is 
a very weak flexor of the elbow. but a 
strong flexor of the wrist and the frnger 
joints, Its action on the digits is impaiied 
when the wrist is maximally flexed. 

Nerve supply; médian nerve [C7-T1 ). 

Hie flexor carpi radia lis (12) anses from 
the médial épicondyle of the humérus (6) 
and from the superfidat fascia qf the fore- 
arm.lt irnerts into the palmar surface of the 
base of the second metotarpai (13) and also 
in sortie cases on the third metacarpal. Il 
runs in the carpal tunnel in a groove in the 
trapezium, which is closed to form an 
osteofibrous canal ït is a weak flexor and 
pronator of the elbow joint and partici¬ 


pâtes in palmar flexion of the wml and. 
together with the extensor carpi radialis 
Èongus (see p. 164). it produces radial ab¬ 
duction. 

Nerve supply: médian nerve (C6-C7). 

The palmarès longus (14) crises from rhe 
médial eptcctidyk ofthe humérus and radi¬ 
âtes into the patmar surface of the hand 
with the palmar aponeurusis (15: see also 
p. It flexes the hand toward lhe palm 
and tenses the palmar aponeurosis, 

Nerve supply: médian nerve (C7 -Tl )i 

B Variant: h may be absent, bui even then fhe 
patmar aponeurosis is always présent. 

fhe flexor carpi ulitaris (16) lies on the 
media! si de. Its humerai head anses from lhe 
medrof eprcondyle of fhe humérus (6) and 
its ulnar head from the olecrawn and fhe 
upper fwo-thirds of the posterior margin qf 
the ufna (17). ff rs Inserted onto fhe pisi/orm 
borte (18) and extends by the pisohcmate 
Rament as far as the hamate (19) and by 
the pisomefücarpcf ligament to the fifth 
mefacQrpal (20), Proximal to its attach¬ 
aient to the pisiform bone, the muscle usu- 
ally gives off descending tendon ftberc 
which pass obliquely distally and radiale 
into the antebrachial fascia. It runs outsrde 
the carpal tunnel It participâtes in palmar 
flexion, wheie it is more effective tlian the 
flexor carpi radia lis and also helps in ulnar 
adduction of the hand. 

Nerve supply: ulnar nerve (C7-C8). 

21 Braehioradialïs 

22 Flexor polhcis longus 

23 Pronator quadratus 

24 Biceps brachii 

25 Flexor retmaculum 
2G Lumbicrales 

27 Abductor pollices brevis 

28 Flexor pollices brevis 

29 Pal maris brevis 

30 Ulna 

31 Radius 

32 Vïnculum longum 

33 Vinculum bieve 
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A SuperfïciaJ flexor s of ventral group 
of fonearm muscles {plane of section 
indkated) 


B Superficiel fle*ors in trie hand, 
palmar aponeurosis removed 


C Section through 
midde of forearm 

D Diag ram of Origï n, cou rse , 

19 and i r sertion of m usdeç 

20 pal ma ris km gus not shosvn 
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f62 Upper Llmb: Muscles. Fasclas. and Spécial feotures 


Ventral Forearm Muscles, 
continued 

Deep Layer (A-C) 

The prou ator q uadratu s ( 1 ) anses from the 
distal quarter of the pafmor surface 0 / the 
uîrta (2) and is inserted on the distal quarter 
of the paltnar surface of the radius (3). 1t 
prônâtes the forearm assiste d by the prô¬ 
na tor reres. 

Nerve supply: anterior interosseous branch 
of the médian nerve (C8-TÎ ), 

SM Variants: The muscle eau reach further pim- 
imally. It tan also rEach different carpal bones 
and rarely the muscles of the îhenar emjnence, 
The muscle is sometimes absent. 

The flexor digiforum profu ndus (4) anses 
from the proximal two thirds of the po/mor 

S ^¥> surface of the ubiû (5) and the tnferosseous 

membrane. In its course through the carpal 
gEj tunnel, its tendons and those of the super- 
I ficial flexors of the flngers (see p t 160) are 
surrounded by a corn mon tendon sheath 
{see p t 182 ). ft rs attached by four tendons to 
the base of the terminal phalanges of fhe 
second tofjfih fmgers (6), Because of its re- 
lationship to the flexor digitorum superfl- 
rialis whose terminal tendon it pîerces. it is 
also called the perforating muscle. In addi¬ 
tion. the fumbricaf muscles (7) arise from 
the radial side of its tendons. It is a flexor of 
thewFîst, midcarpal, metacarpophalangeal 
and phalangeal joints. 

Nerve supply: anterior interosseous branch 
of the médian nerve and the utnar nerve 
(C7-T1 ). 

■i Variants The tendon whrch reacheslhe index 
finger often has a beüy of its own {see fig, A)i 

The flexor polltris longus (S) ornes from 
the anterior surface of the radius , distal to 
the radiai tuberosity T and from the in ter- 
ossemis membrane (9). Surronnded by its 
own tendon sheath (see p. 182), it extends 
through the carpalninnel. then lies be- 
tween the heads of the flexor pollicis brevis 
and continues ont 0 the base of the terminal 
phalanx of the thumb (10). It is a flexor of 


the terminal phalanx of the thumb and it is 
also able to a bd uct it a lit tic in the radial 
direction. 

Nerve supply: anterior interosseous branch 
of the médian nerve (C7-C8). 

*■ Variant: In 40% of cases there h also a 
humerai head arising from the médial épicon¬ 
dyle of the humérus. In these cases there is a ten 
dinous connection wiîh the humerai head uf the 
flexor digitorum superftrialis muscle. 


11 Brachioradialts 

12 Rexor reiinaculum 

13 Abductor pollicts brevis 

14 Flexor poil iris brevis 

15 Flexor carpi radialis 

16 Pal maris long us 

17 Rexor digitorum superficiaiis 

18 Rexor carpi ulnaris 

19 Prôna tor teres 

20 Radius 

21 Ulna 
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Upper Llmb: Muscles, Fa&cias» and Spécial Features 


Radial Forearm Muscles (A-D) 

The radial group inc Indes three muscles 
which act as ftexors at rhe elbow joint. 

The extensor carpi radialis brevis (1) 

anses from rhe common lieatf of rhe latéral 
épicondyle of fhe humérus (2), from rhe 
radial collateral ligament and from the anu- 
lar radial ligament ; and js inserfed on the 
base of fhe third metacarpal (3). lt nms 
through the second tendon compartment 
(p. 182) on the dorsumof the wrist. Theex- 
tensor carpi radialis brevis is a weak flexor 
of the elbow joint lt brings the arm to the 
midposition from ulnar abduction and 
flexes dorsally. 

Nerve supply; deep branch of the radial 
nerve (C7). 

The exlensor carpi radUlis longus muscle 

{4) crises from the latéral supracondykir 
crest of the humérus (5) and the loferai in- 
termuscu/ar septum as far as the latéral epi 
condyle and runs with the extensor carpi 
radialis brevis through the second tendon 
compartment, U is inserted on rhe hase of 
the second metacarpal (fi). Il is a weak 
flexor at the elbow joint, a weak pronator 
in the flexed arm and a supinator in the 
outstretched arm. At the carpal joints it 
acts with the extensor carpi ulnaris in dor- 
si flexion and wirh the flexor carpi radialis 
in radial abduction. 

Nerve supply: deep branch of the radial 
nerve (C6-C7). 

rhe two muscles just described are called 
^fist denchen M , as during denching the 
hand must be slightly flexed dorsal ly to 
permit maximal action by the flexors. 

3 t Clinicai Tlp; Pain may ocrur in thebtrral epi 
condyle of the humérus when The flsr is 
denched. This is rülled epicondylitis of the 
humérus and is rhought to resuit from penostea! 
irritation in rhe région of otigin of the two radial 
ex t en sors due to overuse (tennis elbow). 


The brachioradiaÜs (7) anses from the 
ta tend supracondytar crest of the humérus 
(8) and the latéral intemuscular septum, lt 
is inserted into the radial surface of the sty- 
loid process of the radius (9), Unlike the 
muscles of the forearm described above, 
this muscle acts nnly on a single joint, lt 
brings the forearm into the midposhion 
between pronation and supination. In this 
position it acts as a flexor, lt h as a minimal 
flexor action in slow movements and in the 
supinated forearm. 

Nerve supply: radial nerve (C5-C6). 

Clfnicai flp; Immediately proximal to its in¬ 
sertion, between its tendon and the tendon of 
the flexor carpi radjahs (p. 160). is the place 
wherc the puise of the radial ariery may be frit. 


10 Extensor digi forum 

11 Extensor digiti mi nimi 

12 Extensor carpi ulnaris 

13 Extensor poli iris long us 

14 Extensor pollicis brevis 

15 Abductor pollicis longus 

16 Ulna 

17 Radius 
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A Dorsal v»ew 
of radial group 
of forearm musdes 


C Secliontfirough 
mkldle of forearm 
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Upper Limb: Muscles, Fascias, and Spécial Features 


Dorsal Forearm Muscles 
Superflcial (Ulnar) Loyer ( A~C) 

The extensor digitorum (1) fois aflûttened 
origin from the fanera/ epktmàyle of the 
humérus ( 2 ), the radiât (ôtîûtewt ligament ; 
the amshir radial ligament and the ame- 
brachial fascla* It runs through lhe fourth 
compartment of tendons (p. 182), With its 
tendons tr forms the dorsal aponeurasis (3) 
of the second to fifth fingers. In addition* 
slips of the tendons run to the bases of the 
proximal phalanges (4) and to lhe capsules 
of the met acarpoph a langeai joints. Be- 
tween the individual tendons iotntn- 
dinous connections (S) are always présent* 
starting from the fourth to lhe third and 
fifth fingers. The extensor digitorum ex- 
tends and spreads the fingers, It es the 
strongest dorsiflexor of the wrist and the 
midcarpal joints and it acts, tco. as an ulnar 
abductor, 

Nerve supply: deep branch of the radial 
nerve (C6-C8). 

Mi Variants: The muscle beüy for the tendon of 
the second Tmger can be independem. The ten¬ 
don to the fifth finger can be absent. In conirasi, 
the rendons to the individual fingers aiso can be 
düubled. 


through the sixth tendon compartment to 
the base of the fifth m etacarpal [9). It is re- 
alty misnamed because it acts as a strong 
ulnar abductor. an action rhat is most 
easily understood from the course of îts 
tendon in relation to its axis of movement 
(p. 134): the tendon runs dorsal ly to the 
radiocarpal joint and palmarly to the mid¬ 
carpal joint. This leads to dorsi fi exion of 
the radiocarpal joint and palmar flexion in 
the midcarpal joint* Le., the two fonctions 
balance one another. Hence the principal 
action of the muscle is as an abductor. Its 
a.ntagonist is the abductor potlicis longos. 
Nerve supply: deep branch of the radial 
nerve (C7-CB). 

WM Variant; An addirional tendon whkh extends 
to the proximal phalanx is frequenüy fouiul on 
the radial side. 


10 Extensor carpi radialis longus 

11 Extensor carpi radial is brevis 

12 Abductor pollids longus 

13 Extensor pollfrfs brevis 

14 Extensor pollids longus 

15 Extensor indids 
10 Radius 

17 ülna 

18 Aoconeus 


'file extensor rtigitï ni in uni (6) mises to- 
gether with the extensor digitorum in a 
common head (2) and cxtcnds through the 
fifth tendon compartment ofthe dorsumof 
the wrist, usually as two tendons, to fhe 
dorsal aponeurosis p f the fifth fmgpr. Some- 
times it is absent and then the extensor 
digitorum takes over ils function with an 
additional tendon* It extends the fifth digit 
and helps in dorsiflexion and ulnar abduc 
tion of the hand. 

Nerve supply: deep branch of the radial 
nerve (C6- C8), 


The extensor carpi ulnaris (7) crises from 
the commcm head (2), together with the ex¬ 
tensor digitorum, and from the ultra (8) and 
runs on the mediodorsal side of lhe ulna 
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l Superfkialfiiyerot 
dorsal foreami muscles 


C Diagram oforiyin, course, 
and insertion of musdes 


Uppef Lïmb 

































Upper Llmb: Muscles, Fascias, and Spécial Features 


Dorsal Forearm Muscles, continue d 
Deep Layer ( A—C) 

The surfaces from which ttte supinator (3) 
originales int lude the supmator rresf of the 
idiie (1). rhe loferai eprtondyfe of the 
humérus (2). the radial fotfatera/ ligament, 
and the anula r radial ligament. Those fibers 
originating from the mosi posterior por¬ 
tion of the radial collateral ligament run 
superflcially and form a distally convex 
tend mous a reh. The muscle rnserfs on tf\e 
radius (4) between the radial tuberosity 
and the attachment of the prôna tor te res. 1 1 
encirdes the radius and supinates the fore- 
arm, in contrast to the biceps braehii* in 
every position of flexion and extension. 
Nerve supply: deep branch of the radial 
nerve (C5-C6). 

The abductor polikls longus (5) anses 
from the dorsal surface of the ulna (6) distal 
to the supinator cnest of rhe ulna./ram the 
interosseous membrane (7), and from the 
dorsal surface of the radius (8). Il ru ns 
through the first tendon compartment (see 
p. 182 ) and is rnserted on the base of the 
first metacarpal (S). Part of the tendon 
reaches the trapezium and another pan 
often fuses with the tendon of the extensor 
potlicis brevis and abductor pollicis brevis. 

Due to its position ît flexes the hand 
toward the palm and abducts it radtally. 
The main function of this muscle is abduc¬ 
tion of the rhurnb. 

Nerve supply: deep branch of the radial 
nerve (C7-C8). 

The extensor pollicis brevis (10) anses 
from the ulna (11) distal to the abductor 
poUicis longus./ram the interosseous mem¬ 
brane (12), and from the dorsal surface of 
the radius (13). and ex tends to the hase of 
the proximal pkalanx of the thumb (M), It 
extends and abducts the thumb because of 
its close relationship to the abductor pollî 
cis longus. with which it nins in the first 
tendon compartment. 


Nerve supply: deep branch of the radial 
nerve (O-TU 

Wm Variant: Its terminal tendon is frequently 
dcubled. In rare cases it can be absent. 

The extensor pollicis longtis (15) ûrisfs 
/ram rhe dorsal sur/ace of the ulna (16) and 
the interosseous membrane (17) r It nins on 
the dorsal side of the wrist through the 
third tendon compartment It is iuserted on 
rhe base of the distal phalcmx (18) of rhe 
fhumb, It uses the dorsal tubercle on the 
radius* which is situated latéral to the third 
tendon compartment, as a fuie ru ni and ex¬ 
tends the thumb. At the wrist it dorsidexes 
and abducts the hand radially. 

Nerve supply: deep branch of the radial 
nerve (C7-C8). 

The distal third of the dorsal surface of the 
ulna (19) and the mterosseous membrane 
(20) are rhe sites of origin of the extensor 
indicis (21). It runs with the extensor dtgi- 
torum muscle* through the fourth tendon 
compartment and projects its tendon into 
fhe dorsal aponeurasts of the index /loger. It 
ex rends the index finger and participâtes 
in dorstflexion at the wrist and midcarpal 
joints. 

Nerve supply: deep branch of the radial 
nerve (C6-C8). 

WB Variant: Two or three tendons are frequent 
obserwed. The musde is sometimes absent 


22 Extensor digitorum 

23 Extensor digiti minimi 

24 Extensor carpi ulnaris 

25 Ulna 

26 Radius 
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B Section thiough 
middle of fo rearm 


C Diagram oforigin, course, 
and insertion of muscles 


lü 


— plane of section 


A DeepEayerof 

dorsal foreami musdes 
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Upper limbe Muscles, Fascias* and Spécial Features 


Function of Muscles of the 
Elbow Joint anif Forearm (A-O) 

The movements at the elbow joint are flex¬ 
ion and extension. The axis of movement 
nuis through the epîcondyles of the humérus. 

Ail muscles which pass in front of the axis 
act as flexors and ail those which pass fae- 
hind it act as extensors at the elbow joint 
Si race many of the muscles act on several 
joints, their names are not always appro¬ 
priât e for their function in relation to the 
dbow joint. In addition, their action at the 
dbow joint is dépendent on the attitude of 
the ne îghbori ng joi nt s. 

The flexors (A) indude 

- Biceps brachii (red) 

- Brachia lis (blue) 

- Brachioradîalis (yellowj 

- Extensor ca rpi radiaiis long us (orange) 

- Pronator teres (green) 

Less important are (not shown); the flexor 
carpi radiaiis. extensor carpi radiaiis brevis 
and palmaris longus. Flexion in the posi¬ 
tion of pronat ion, performed by contrac¬ 
tion of almost ail the flexors. is strongest 
The exceptions are the brachia lis muscle 
which is equally scrong in ail positions and 
the biceps brachii muscle whose flexor 
power ïs reduced in pronation. 

The oniy important extensor (B) is the tri¬ 
ceps brachii (red). The most effective parts 
of it are the médial and latéral heads. white 
the long head of the triceps is only of sec- 
ondary importance. The anconeus may be 
disiegarded as an extensor 


Pronation and supination are executed 
with almost equal force but with greater 
strength if the elbow joint is flexed. The 
prépondérance of pronation is a false im¬ 
pression due to a media! rotation in the 
shouIder joint (Latu and Wbcftsniutfjj. 

Tfie muscles which act as supinators (C) 
are 

- Supinator (red) 

- Biceps brachii (blue) 

- Abductor pollkis longus (yellow) 

- Extensor pollicis longus (orange) 

- Brachioradîalis (not shown) 

In the outstretched arm, the extensor carpi 
radiaiis longus also works as a supinator 

Pronation (D) is produced by 

- Pronator quadratus (red) 

- Pronator teres (blue) 

- Flexor carpi radiaiis (yellow) 

- Extensor carpi radiaiis longus (orange) 
tn the flexed arm 

- Brachioradialis (not shown) 

- Palmaris longus (not sltown) 

The col or of the arrows shows the order of 
importance of the muscles in each move¬ 
ment: 

red 

blue 

yellow 

orange 

green 


The movements of the forearm are re- 
versing movements at the proximal and dis¬ 
tal radioulnar joints, with associated 
movements at the humeroradial joint. 
These reversing movements are pronation 
and supination (see p.122j and theyoeoir 
around an axis which ru ns from the fovea ou the 
head of the radius to the styloid process of the 
utna. 
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Upper Lltnb; Muscles, Fascias, and Spécial Features 


Functîon of Muscles 

of the Wrist and (fie Midcarpal 

Joint (A-D) 

We distïnguish dorsi flexion (A), lifting of 
the baek of the hand, and palmar flexion 
(B). lowering of the back of the hand. 

These movemenrs take place at tire radio- 
carpal and midcarpal joints through an un- 
agînary transverse axis wfiich runs through the 
capitale bon*. We also distinguish radial ab¬ 
duction (C) and ulnar abduction (D) about 
a dorvopalmar axis through the tapitate bone. 

It should be noted Itéré that in the Testmg 
position of the hand, the long axis through 
the ürd metacarpal borre, the axis through 
the capitale, and lire main axis of tire fore- 
arm nui parade! to one another. Tire main 
axis of the forearm runs from tire middle of 
tire radial head to the styloid procès s of the 
tilna. This axis corresponds to the axis of 
movements during pronation and supina¬ 
tion. 

Palmar flexion is the most powerful of the 
movements désert bed above. The flexors 
arc considerably Etranger than tire exten- 
sors and among tlrem, the flexors of the 
frngers are the most powerfuL 

r- Clinital Tïp; The predoi ni nance of the flexors 
causes tire hand to assume a position of palnw 
flexion after a longer period of rest (healing of a 
fracture). Thus. the hand should be set in shgJit 
dorsiflexiûfL 


Palmar flexion can be produeed by 

- H exor digitorum superfteiaiis (red) 

- Flexor digitorum profundus (blue) 

- Flexor tarpi ulnaris (yellovv) 

- Flexor pollicis longus (orange) 

- Flexor carpi radialis (green) 

- Abductor pollicis longus (brown) 

Both flexors of the fïngers are tire strongest 
flexors at the wrist joint. 

Radial abduction is produeed by 

- Extensorcarpi radialis longus (red) 

’ Abductor pollicis longus (blue) 

- Extensor pollicis longus (yellow) 

- Flexor carpi radialis (orange) 

» Flexor pollicis longus (green) 

Ulnar abduction is produeed by 

- Extensor carpi ulnaris (red) 

- Flexor carpi ulnaris (blue) 

- Exte nso r d igitomm (ye 11 ow ) 

- Extensor digiti mi ni mi (not shown) 


The color of the atrows shows tire order of 
importance of fhe muscles in eaeh move- 
ment: 

red 

blue 

yellow 

orange 

green 

brown 


The muscles whith take part ïn dorsîflex- 
ion are 

- Extensor digitorum (red) 

- Extensor carpi radialis longus (blue) 

- Extensor carpi radialis brevis (yellow) 

- Extensor indicis (orange) 

- Extensor pollicis longus (green) 

- Extensor digiti minimi (not shown) 
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174 Upper Limbe Musdes, Fasdas, and Spécial Peacures 


Intri ns ic Musdes of the Hand 

The mtrïnsk musdes of the hand may be 
djvided into three palmar groups, We dis- 
tiaguish 

- The central musdes of the hand 

- The tfienar musdes of the thumb 

- The hypothenar musdes of the litrle 
finger 

Tlïe extensor aponeurosis lies on the dor- 
sum ofthedigits. 


sïdes* and the fourth dorsal înterosseous 
muscle extends to the proximal phalanx of 
the fourth finger on the ulnar side* 

Uke the palmar Interosseous muscles, tliey 
flex at the metatarpophalangeal joints and 
ex tend at the interpha langeai joints- They 
fonction as abductors in relation to the axis 
of the middle finger (stretching of tlie fi ra¬ 
ge^ 

Nerve supply: deep brandi of the ulnar 
nerve (CE -Tl ). 


Central muscles of the hand (A-DJ 

The seven short, pennate int cross ei may 
be di vide cl into three palmar singïe-headeiî 
a nd four dorsal double headed muscles 

The pal ma r interossei (1) Grise from the 
second, fourth, and fifth métacarpe! bancs 
(2). They insertby shorr fendons on the cor 
responding proximal phalanges (3) and they 
also radiale mta the corresponding rendons 
of the dorsal a ponça rosis (4). 

Their tendons run dorsal to the deep tram- 
verse m etacarpal ligaments (5) and palmar 
to the axis of the metacarpophalangeal 
joints. Th us, they flex at the metacarpo- 
phaiangeal joints, and by their radiations 
into Lire dorsal aponeurosis they are able to 
extend at the interphalangeal joints. 
Through their rdationship to the metacar- 
pal and phaiangeal bones. they also adduct 
in relation to an axis which passes longi- 
tudînaUy through the middle finger; they 
move the second, fourth, and fifth fingers 
toward the middle finger. 

The dorsal imerossei (6) crise by nvo 
heads from the adjacent sides of the fwe 
metacarpat bonus (2.7), Like the palmar in¬ 
terosseous muscles, they exrend to the 
proximal phalanges and radiote inro the 
dorsal aponeurosis (4T The First dorsal in¬ 
terosseous extends to the proximal 
phalanx of the second finger on the radial 
sïde. the second and third interosseous 
musdes reach the proximal phalanx of the 
middle finger on bot h the radial and ulnar 


The four lumbricates (8} orise jrom the 
radial sides of the tendons of the flexor digj- 
rorum profundus (9). As these tendons are 
mobile, the sites of origin of the lumbri- 
cales are not fixed. Covered by the palmar 
aponeurosis and palmar to the deep trans¬ 
verse metacarpal ligaments (S), they run fo 
the extensor aponeurosis (4) and ro the joint 
capsules o/ the metaco rpopha langeai joints. 
They flex at the metacarpophalangtMl 
joints and extend at the interphalangeal 
joints, 

Nerve supply: the two radial lumbrieales 
are supplied by the médian nerve and the 
two ulnar ones by the deep branch of the 
ulnar nerve (CB-T1}. 


10 Flexor retinaculum 

11 Abductor pollicis brevis 

12 Flexor pollicis brevis 

13 Transverse head of the abductor 
pollicis 

14 Abductor digiti minimi 

15 Flexor carpi ulnaris 

16 Flexor carpi radialis 
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B Dorsal ïnteros- 
seous muscles 


A Palmar interasseous muscles 
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Upper Uni b: Muscles. fa scias. and Spécial Features 


Intrinslc Muscles of the Hand, 
contînued 

Thenar Muscles (A-D) 

These indude 

- Abductor pollirîs brevis 

- Flexor pollicis brevis 

- Adductor poUicis 

- Opponens poUicis 

The abductor pollicis brevis ( 1 ) anses from 
the scaphoid tubercle (2) and the flexor mi- 
nacutum (3). It îs inserted info the radial 
sesamoid hone (4) and to the proximal 
phalanx (5) of the thumb, it abducts the 
thumb. 

Nerve supply: médian nerve (CB-Tl >. 

The flexor poUicis brevis bas a superfîcül 
head (6} and a deep head (7). 77ie former 
anses from the /ïexor refinacufum (3) and 
the latîer from the trapezmm (SX frapczoid 
(9). ond capitate (10). It ïs inserted info the 
radial scsomoid bone (4) of rhe naefocnr- 
popha longeai joinr of the thumb, Jt fl ex es, 
adducts and abducts the thumb and js abte 
lo bring the thumb into opposition. 

Merve suppjy; the superfïrial head Ls sup¬ 
plice! by the médian nerve and the deep 
head by the ulnar nerve (CB-T1). 

The adtiucior pollicis olso h ns two head s of 
odgin T the transverse head (II) ortginafmg 
from the entire iength of the third metacar- 
pal (12). and the oblique head (13) ongïnaf- 
ing from the adjacent corpal bon es. it is in- 
serteû info the ulnar sesamord bone (14) of 
the metocarpophaiangeat joint of the 
thumb. Jt produces adduction and assiste in 
the opposition and flexion of the thumb. 
Nerve suppjy: deep branch of the ulnar 
nerve (CB Tl), 

The opponens pollids (15) arises from the 
tubercle of the trapezmm (16) and the flexor 
irhnatuium (3), ond is insened into the 
radial morgln of the flrst metacarpal (17). It 
produces opposition of the thumb and as¬ 
siste in adduction. 

Nerve supply; médian nerve (CG~C?X 


In summary» the muscles of the thenar 
eminence may also be classifled accord- 
ing to thelr fonction; 

Adduction oF the thumb is produced by the 
adductor pollicis with the helpof the flexor 
pollicis brevis and the opponens pollicis. 

Abduction is produced by the abductor 
pollicis brevis and partïy by the flexor 
pollicis brevis. 

The position of opposition is produced 
prïneipally by the opponens pollicis. as- 
sisted by the flexor pollicis brevis and ad- 
duc tôt pollicis, 

déposition (return to the neutral position) is 
effected by the long muscles of Mie dorsal 
stde, namely the extensor pollicis brevis. 
extensor pollicis longus and abductor 
pollicis Longus. 

CÜnlcal Tlpj The so-called "mitular bands n 
(Londsmeer) run ftom the aLtachmcnts of the ab 
ductor pollicis brevis and Ihr adducior pollicis: 
they reach te t he extensor rendons and insert to- 
gether with these on the terminal ptaalanges. 
They are important for hand surgay. 



Inlrinsic Muscles of tfie Hand 



A Thmar muscles, ftrsl layer 


B Thenar muscles, second layer 



C Ihenar muscles, thirdlayer 


D Diagramoforigin. course, 
and insertion of muscles 
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i 
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J ntrinsic Muscles of the Hand, 
continuée! 

Palmar Aponeurosis (A) 

The palmar aponeurosis (also see p. 388) 
consiste of Joryptudinn/ (l) and rransverse 

(2) fascides. The longitudinal fïbers run to 
the tendon sheaths of ihe flexor tendons 

(3) , the deep transverse metacarpal liga¬ 
ments (4), and the ligaments of the meta- 
ca rpophalangeal joints. They also radiate 
into the corium of the palm of the hand (5). 
The palmar aponeurosis ts connecter! to 
Mie deep palmar fasria (p t 180) by ni ne 
septa (6). Eight of the septa border both 
sides of the tendons of the superficial and 
deep flexOTS of the digits, while the nirnh 
septum lies on the radial side of the fïrst 
lumbrical muscle (p, 174). The septa arise 
both from the longitudinal and transverse 
fasciculi. 

The connection of the deep palmar fascia 
with the rarpa] bones corresponds to die 
anchoring of the palmar aponeurosis to the 
sketeton of the hand, The longitudinal 
fasciculi reach the second through the fifth 
fïnger and radiate mostJy in the hand and 
în the fibrous Jayer of the synovial sheaths 
(p. 182/ A few of the fibers join the supetiï 
cial trans verse metacarpal ligament. T lté 
transverse fasciculi lie pruximally deeper 
than the longitudinal fasciculi. Distally, the 
transverse fasciculi (2) are visible, lying în 
the same layer as the longitudinal fibers. 

The palmar aponeurosis roakes a 
functional entity with the ligaments, septa 
and fascias. It is firtnly fixed to the skin of 
the palm of the hand over the carpal bones. 

In the hypothenar eminence lies the pah 
maris brevis (7), which may be in the 
process of involutïon ond whose fïbers con- 
necr the palmar aponeurosis and the flexor 
retinacuhsm (8) ro fhe skin of the utnar 
border of the hand. 

Nerve supply: superficial branch of the 
ulnar nerve (CE-Ti ). 


Hypothenar Muscles (B-D) 

The muscles of the hypothenar eminence 
constst of 

- Abductor digiti minimi (S) 

- Flexor digiti minimi brevis (10) 

- Gpponens digiti minimi (11 ) 

The abductor digiti minimi (9) Prises/rom 
the pisiform (12), f/ie pisohawate ligament 
(13/ ond the flexor retfnûtufum (8) and is 
inserted into the u/nor nwugfn of the base of 
the proximal phatemx of the fifth digit (14). 
în part it also radiâtes into the extensor 
aponeurosis of the little finger. It fonctions 
as a pure abductor, 

Nerve supply: deep branch of the ulnar 
nerve (C8-T1 ), 

The flexor digiti minimi brevis (10) ornes 
from ffie flexor retitiacuium (S) Qnd also 
from ffie ha mu/us of the hamate [15). At its 
insertion it fuses with the tendon of the 
abductor digiti minimi and ends on die pof- 
mor surface of the base of the proximal 
phalanx (16), It flexes at the metacar 
pophalangeai joint. 

Nerve supply: deep branch of the ulnar 
nerve (GMT). 

M Variant: Veiy often, the muscle is absent. 


The opponent digiti minimi (11/ like the 
flexor digiti minimi brevis, orises from the 
hamuius of the hamate (15) and from the 
flexor refinoodum (8), it is inserted into the 
ulrnr margin of the fifth metacarpal (17). It 
brings the littie finger into the position for 
opposition, 

Nerve supply: deep branch of the ulnar 
nerve (CB-T1 / 
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A Palmai aponeurosis and palmaris brevis 
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-13 


B Hypothenarmusdes, 
first laycr 


C I lypothenar muscles, second layer 


D Dïagrarnof origln, course, 
and insertion of musdes 
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180 Upper Llmb: Muscles. Fasciâs. and Spécial Features 


Fascias and Spécial Features 
of the Free Upper Lirnb 

Fasd as (A-D) 

In the ami the brachial fa scia (1) sur 
roujids rhe flexors and extensors. Between 
the Oexor and exlensor groups of muscles 
on the médial and latéral sides of the 
humérus are the med/of (2) and latéral (3) 
brachial internniscular septa. These septa 
connect tlie brachial fascia wilh the 
humérus. The medïal i n ter m u scula r sep¬ 
tum begjns proximally at the level of the 
insertion of the coracobrachialis muscle, 
while the latéral septum begjns just distal 
to rhe deltotd tuberosity, Bol h septa are at- 
tached to the margîns of the humérus and 
extend to the cornes pondïng épicondyles, 
The fascia of the arm is continuous wilh 
the axiftory fascia (4} and with the anfe- 
hrachtai fascia (5). On the anterior surface 
of the arm just above the clbow there îs an 
apermre, the hiatus basth'ntf(6; see p. 376), 

The antebrarhial fascia (5} is tightly at- 
tached to the dorsal surface of the ulna. 
The hidpitaf oponeurasrs (7) radiales into 
rhe forearm fascia. and the latter sends 
stmng septa (8) deep between the in- 
dividuaï muscle groups (see p, 158). Al the 
distal end of the forearm the fascia is 
strengthened by transverse bands to form 
the exlensor retinaculum on the dorsal 
surface which provides conduits for the 
tendons of various muscles, Deep to the 
extensor retinaculum there are six com- 
partments for passage of the cxtensor ten¬ 
dons. On the palmar surface, descending 
tendon fi bers of tiw flexor carpi ulnaris 
muscle spread radially and distally near to 
the wrist into the antebrachial fascia, A 
separate space (Cuyon's box, see p.38B) is 
formed by these fîbcr bundles and the fas- 
cia which covers the deep muscles. 

The dorsal fascia of hand (9) superbe iaily 
forms a dose, dense extension of the ex 
tensor retinatulum (p. 182), composed of 
strong iransverse fibers. Distally. it be~ 


cornes the dorsal aponeurosis of the An¬ 
gers. En addition it is more or less tightîy 
connected to the intertend inous connec¬ 
tions (p. 166). The dorsal fascia of hand Ls 
attached to the metacarpal bones on the 
ulnar and radial margins of the back of the 
hand. Between the tendons of tlie long ex¬ 
tenso rs of the fingers and the dorsal inter- 
osseous muscles (p. 174) there is a deep, 
délicate leaf(10) of this fascia. 

The palmar aponeurosis (11. p. 178) on the 
palmar sjde forms a continuation of the 
flexor retinaculum (p. 182), the superfida! 
and latéral boundaries of the central mid- 
hand compartment Via nine septa, it ts 
connected to the deep palmar fascia (12), 
which covers tlie palmar interosseous 
muscles. The adductor poil ici s muscle (14) 
is covered by its own délicate adductor fas- 
tia (13). 

The superficial trans verse metacarpal liga¬ 
ment is found at the roots of the fingers, It 
is a thin, trans verse ligament into which 
some of the longitudinal fasciculi of the 
palmar aponeurosis radiale. There is dose 
contact between this ligament and the 
subcutis. 


15 Palmar interosseous muscles 

16 Dorsal interosseous muscles 
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D Section of fascias of hand 


B Section of f asti as of arm 


C Section of favcias of forearm 


A Fascias of the upper Itmb 
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U p per Umb: Muscles, Fastias, and Spécial Features 


Tendlnous Sheaths (A-E) 

There are dorsal carpaJ tendinous sheaths, 
pal mai carpaJ tendinous sheaths. and pal- 
mar digital tendjnous sheaths. 

Dorsal Tend!nous Sheaths (A) 

The dorsal synovial sheaths lie in six tendon 
compartment s foi med by the exfensor reti- 
naadum {I ) and septa (2). which a ri se from 
the undeFsurface of the retinaculum and 
are atfached to bon y ridges on the radius 
and ulna. These six osteofibrous cornpart- 
ments conta in the synovial sheaths of vari¬ 
able Jength for nine Tendons. They are 
counted from the radial to the ulnar side. 
ïn the jfîrsf compartment lie the sheaths 
containing fhe fendons of the abductor 
potticis tongus and the extensor pallias 
brevis (3). In the second compartment lie 
the tendon sheaths for the tendons of the 
exlensor carpi radialis longus and brevis. 
The vagfno fendj'rmm musru/on/m exfen- 
sorum carpi radiaüum {4}. In the fhird rom- 
partaient, tlie slightly obliquely lying canal 
conta ins the sheofh with die tendon of the 
extensor polticis tongus {5}. The foisrth com¬ 
portaient. the last compartment aitached 
to the radius, conta ins the shealh of the ex- 
fensor djgiforum and the exrensor indicis 
(6). The fifth comportaient carries the ten¬ 
don of the extensors of the little Tmger in 
the tendon sheath of the exfensor d^gitf 
mimmi (7), and tlie sixth compartment con¬ 
tai ns the tendon sheath of fhe exfensor 
carpi utnarti muscle (8), 

Paimar Carpaï Tendinous Sheaths (B) 

The flexor retinaculmn (9) complétés the 
carpal tunnel (p. 124} through which the 
médian nerve runs and the tendons of 
various flexor muscles run in three paimar 
synovial tendon sheaths. Mo si radially, the 
tendon of the flexor carpi radia lis runs ïn 
the synoviat tendon sheath for the flexor 
carpi radiaiis (10} in its own groove in The 
trapezium bone T thereby dividing the 
radial attachment of the flexor retinaculum 
into two parts. Adjacent to it Mes the syn¬ 


ovial sheath of fhe flexor potHcis tongus 
muscle (11 >_ through which runs the digital 
tendon sheath of the thumb. The flexor 
digitorum superfidalis and flexor digi- 
rorum profond us muscles nm together in a 
common synovial sheath of the flexor 
musdes (12}. 


Digital Tendtous Sheaths (B) 

The five digital synovial sheaths are sur- 
rounded by fibrous sheaths, which cousis! of 
anular (13) and crucktte (M) fibers. Be- 
tween the pariétal and viscéral layers of 
the synovial sheath (p.32) there is a me- 
sotendon with blood vessels and nerves, A 
mesofendon in the région of the digital ten¬ 
don sheaths is called a vmcutom foi|gum 
(p. 160) and vflKUtom brève (p, 160), 

M Variant» (C-EJ: Jn about 72% at people the 
digitai tendon sheath of (fie ÜU/e finget (IS) is 
direct l>' connected to the carpal tendon sheath 
(12J, while the other tendon sheaths usualïy ex- 
tend from the metacarpophalangeal joint to the 
base of the termina] phalanx. In about 1fi% nf 
cases there is no connection between the tendon 
sheath of the Unie ftnger ( 15) and the carpal ten 
don sheaths. Ln addition to a direct connection of 
the tendon sheath of the Hfth finger lo the carpaï 
tendon sheath. The tendon sheath of the index fài- 
ger (16) [in 2.5%) or the tendon sheuth die ring 
fïnger (T7) (in about 3%) ma y conuiiunicate 
direcüy with the carpal tendon sheaths. 

C&ntcal Tlpt Inflammation of the sheath for 
the tendons of the abductor polhds longus aitd 
the extenso r pollids brevis occurs Frequentiy and 
causes pain in the région of the styloid process of 
the radius. 


18 Intertendinous connection 



Tend i no us Shealhs of H and and Fingers 




B Terminons sheaths of the pEÏm of the hand and of the fingers 
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IBS Lower Limb 


Boiks, Ligaments, Joints 
Petvls 

The bony pelvîs consiste of: 

- The two hlp bo nés 

- The sacrum 

- The coccyx (seep. 48) 

Hlp Bone (A-CJ 

The hip bone consiste of three parts, the 
pubis, the ilium and thc ischium, which syn¬ 
ostose in the acetabufer/assa (2). wlüeh is 
bordered by lhe fimbus of the acetobutwn 
(1} and is surnonnded by the lurcafe artfcu~ 
far surface (3). The acetabular notrft (4) 
opens rhe acetabulum infer iorîy and thus 
hmïts the obtumor foramen (5), 

The pubis consiste of a body (6), a superior 
ramus (7 ). and an inferior mrnus (8). The 
two rami border the obturator foramen 
anterioriy and inferioriy. Near to the supe- 
rîor end of the mediaüy orienrated sym- 
physiot surface (9) lies the pubfc tuÈerrie 
(16). from which tire pubic crest (11) ex^ 
tends roedialïy and the pubic pecten ( 12 ) 
ru ns laterally toward the arenate fine of die 
! rhum (13), AI the transition of the snperior 
■ ramus of the pubis into the ilium, there is 
the élévation of the üiopubic emînence (14), 
The obturafor groove (15) lies inferior to 
rhe pubic tubercle and is bordered inter- 
naïly by the anterior obturator tubercte (16) 
and the postenor obturotor twbercte (17), 
which is not always présent. 

The ilium is divided into the body (18) and 
the win# of ifium. The body forms part of 
the acetabulum and Ls dehmited externalîy 
by the supm-ocerûbufür sttlcus (19) and in 
ternalty by the arcuate line {13 ). Extemal to 
the wing lies the gluteai surface (20) and 
internai lo it the Htnc fossa (21) is visible. 
Behind the iliac fossa there is the sacropel 
vie surface with the ifiac tuberosify (22) 
and the aurieufar surface (23). The ifiac 
cresf (24) starts anterioriy at the superior 
anterior ifiac spine (2$) and divides into the 
oufôr (26) and itmer (27) fips, ajid an inter- 



mediûte zone (28), which extends upward 
and backward. There, the miter ïip buïges 
laterally as the üiac tuberde (29). The iliac 
crest ends in the posrerior superior iliac 
spine (30). Beneath the latter lies the poste- 
rior inferior Mac spine (31), whiïe anfleti- 
orly beneath the anterior superior iliac 
spine lies the anrerinr inferior ifiac spine 
(32). The inferior gluteaf (33), anterior 
gtotfeaf (34), and posterior gfuteaf (35) Unes 
lie on the gluteal surface. In addition, there 
are various vascular canals among which at 
least one corresponds functionally to an 
emissary vessel 

The ischium is divided into the body (36) 
and the ramus of the ischium (37), which 
together with the inferior ramus of the 
pubis forms the inferior border of the obtu- 
rator foramea The ischium béate the 
iscftiol spine (3S\ which séparâtes the 
greoter sâatic nofeh (39) from the fesser 
sciaric noÊrb (40). The greater sciatic notch 
is formed partïy by rhe ischium and pardy 
by the ilium, and it extends to the inferior 
surface of the auricular fades. The ischia! 
fuberosity (41) develops on the ramus of 
the ischium. 

Ossification: Three anïagen appcar: in the 3rd 
intrauterine moirth (iiiuîii) T 4th- 5th intrauterine 
rmnth (ischium), ami the 5th~ Gth intrauferine 
month (pubis), They fuse in the tenter of the 
acetabulum in a Y-shaped ju net ion. Withiu the 
acetabulum one or more individual ossification 
centers detwelop between the âges of 10 and 12 
years. Synostosis of the three boues occurs be- 
tween lhe âges of 5 and 7 years. but Wïthîn the 
acetabulum itseüf not untîl between the âges of 
15 and ICyeais, Epiphysiat ceoters of üssïficaliün 
occur in the spioes at the âge of 16. in the ïsthial 
mberosïty and in the iliac crest between the s 
of 13 and 15 years. 
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A Ldteral vipwnf hip bone 


B Médial vrêwofNpbone 
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188 Lower Limb: Bones, Ligairvents, Joints 



J u ne t ion $ between the Bon es 
of tfie Pelvis (A, B) 

Symphysis 

The two hip bones are joined at the sym- 
physts pubis (1 ) by a fibrous cartilage with a 
hyaline cartilage coverïng. the irtterptfbic 
disk, Wîtfun the disk a small nonsynovial 
cavity may be présent. Craitîally and 
caudally the jonction is reinforced by the 
superior (2) and the inferiot {3} puMc 
mènes, respectivety. 

Sacroitiac Joint 

Tîiïs articulai ion (4) is formed by the auric 
ular surface of the hip bone and the auriai- 
lar surface of the sacrum. Both are covered 
by ftbrotis cartilage, A veiy tant joint cap¬ 
sule encloses rhe almost immobile joint* 
which îs an arophianhrosis, The capsule is 
strenglhened by the mitral (5), imercs- 
seoas ( 6 ), and dorsal (7} sttcroîfïor %a- 
inenrs, The joint is reinforeed indireetîy by 
the ilfoJumkir ligament (8}, which connecta 
the ilium (S) to the lumbar vertebrae (10), 
as weîl as by the sacrutuberous (11) and 
sacrospinous (12) ligaments. 

Ligaments in the Peivic Région 

The obturator membrane (13) doses the 
obturator forame n, except for the small 
opening of the obturator canal (14), 
through which pass the obturator hîood 
vesseis and nerve, 

The sacrospinoiïs (12) and sacrotuberous 
(11) ligaments extend like a fan from the 
latéral margin of the sacral borte (15) and 
the coccyx (16) to the Is chiai spine (17) and 
to the ischial tuberosity (18) + The 
sacrotuberous ligament ïs stronger and 
longer than the sacrospinous ligament. 

Owtng to these two ligaments* the greater 
sriatic notch is converted into the greater 
sdaffe foramen (19), the lesser sdaîic notch 
into the fesser sriatic foramen (2©). In addi¬ 
tion to the sacrospinous ligament, the 
sacrotuberous ligament also takes part in 


the délimitât ion of the greater sriarit fbra¬ 
me n. 

CKnkal Tlp: Although rare (more frequent in 
fe maies than males), an obturator hernia of the 
tbigh can extend through the obturator canal 
covered by die pecitïieus muscle Ukewise of 
rare occurrence are sciahc hernias which pass 
through the sriatic foramina and ptmrude caudal 
ro the lower margin of the glufeus maximus. 

The ilioiumbar ligament (8) passes from 
the costal processes of the fourth and fifth 
lumbar vertebrae (21) to the iltac crest (22} 
and to the adjacent région of the ïliac 
tuberosity (23). The transverse acetabular 
ligament bridges the acetabular notch and 
complétés the articulât surface foi the 
head of the fémur. 

The inguinal ligament (24) is formed by 
the infertor border of the aponetirosis of 
the extemal abdominal oblique, It extends 
between the anterior superior iltac spine 
(25) and the publc tubercle (26). Ai the lat 
ter point of attachment it spreads out 
along a broad surface in the form of the 
iacunar ligament (27). Between the ingui¬ 
nal ligament and the anterior maigin of the 
hip bone are the inu^rufor (28) and the 
vüscuîqt (29) compartments, which are sep- 
arated from each other by the iliopectineal 
ardi (30). 

Morphology of the Bony Pelvis 

(see p. 19€} 

We distinguish a true and a taise, or a 
lesser and greater pelvis. The région mfe- 
rior to the terminai line is calJed the lesser 
pelvis, The pefvic inlef (superior peîvic 
aperture) leads into the lesser pelvis, 
which is borde red hy the promoTïtory, the 
airuate Une, the ilîopubic eminence, rhe 
petten of the pubis, and the upper edge of 
the symphysis (terminal fine), The pehit 
ourlet, the inferior pelvie aperçu re. îs the 
région between the subpubic angle or 
pubic arch T the ischial tuberosities and the 
coccyx. 
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MorphoEogy of the Bony Pelvis, 
continu ed 

Orientation of the Pelvis 
and Sex Différences (A-FJ 

An angle of about 60° ïs enclosed between 
the pïane of the pelvic inlet and the hor¬ 
izontal plane, It is known as the pelvic în- 
clinalion. in tiw upright posture the ante- 
rlor superïor tliac spines and the pubic 
ruberefos are in the same frontal (coronai) 
plane. 

Classification of Pelvk Types 

ht fomales wc distinguish varàoiis pelvk shapes. 
of whïch the most rommon (50%) is the gyme 
cojd type, Otber forros are the android, anthro 
poïrî, and platypeloid types. Classification into 
four main types ts athîeved by measuring certain 
pelvic riiamerers, Thé peïvk diameters or tonju* 
gates are measured ai the pelvk înlet and ootiet 
and as tjblique diameiers. 

Diameters and External Pelvk 
Measûrement* (A-C) 

The traosveœ diameter (1) (13,5-14 cm) 
joins the extreme latéral points of the pci- 
vie inlet. lhe oblique diameter 1 (2) (12- 
12,5 cm) is the Une drawn between the 
right sacroiliac joint and the loft îlîopubic 
eminence. The oblique diameter il (3) 
(11.5-12 cm) represents a line between the 
left sacroiüac joint and the right îliopubic 
eminence, 

The anatonücal conjugale (4; approximately 
12 cm) is the line between the symphyses 
and the promontory. The true conjugale (S) 
joins the posterior surface of the symphy¬ 
ses (rétropubic eminence) to the prom¬ 
ontory. il is the shortest diameter of the 
pelvic inlet (11.5 cm); becanse it is of par- 
ticular importance in parturition, it is also 
known as the obstefric tünjugote, As the 
true conjtigate cannot be measured 
directly it is deduced from the diagonal con¬ 
jugale as the oblique diameter ( 13 cm), lhe 
diagonal conjugale (fi)extends from the in 
ferîor pubic ligantent to the promontory 
and ïs measured through the vagina. 


The straight conjugale (7) at the pelvic outlet 
represents the connection between the 
lower border of lhe symphysis and the tip 
of the coccyx (9.5-10 cm). As ïts length is 
variable due to the flexibilîty of the coccyx, 
the médian conjugale (g) of the pelvïc outlet, 
whieh connects the fower border of the 
symphysis to the ïower border of the 
sacrum (11.5 cmk is a more important 
longitudinal diameter. An addîtional 
measure is the transverse diameter nf tbe pel¬ 
vic ont Jet (10-11 cm) between the rwo 
ischïai tuberosities. 

Using a pelvimeter, two distances on the 
pelvis may be measured, the interspinous 
distance (9) between the anterior superïor 
il tac spines ts approxîmatety 26 cm in the 
female, and the kitercrlslal distance (16) 
between the furthest latéral points of the 
two iliac crests is 29 cm in the female. The 
external conjugate, the distance between 
the spiiious process of the flfth lumbar 
vertebra and the upper edge of lhe sym¬ 
physis (about 20 cm), can also be measured 
witb a pelvimeter. In some instances the 
intertroctianteric distance (31 cm) be¬ 
tween the two fémurs is also measured. 

The female pelvis (D, red) has wider pro- 
jecting iliac wings, transverseîy directed 
obturator fora mina, and a défi ni te pubic 
arch. The lesser ï>elvïs is larger than in the 
male. 

The male pelvis (D. lïght gray) T has more 
erect iiiac wings, longïtudÈnaÉy orientated 
obturator foramina, and a subpubic angle. 

E Pu/x'c art:h demonstrated by placing the 
hand on it: the arch lies between the 
thumb and the index finger. 

F Subpubic angle, demonstrated by plac 
tng the hand on it; the angle lies be¬ 
tween the index and middie fingers. 
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B PeMc diameters 


A PCtvic indrnation 


E Pubicarch 


C E*temal pelvic measuretnents 


D Compariscn between a male peMi 
and a fernale pd vis 
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The Free Lower Umb 

Fémur ( A-C) 

The thigh bone* or fémur, is the ïargest 
Uibular bone of the body and comprises a 
shaft (!) wîth a neck (2) and two ends, proxi¬ 
mal and distal An angle is formed between 
the shaft and neck, the angle of ïiirfmatkm 
(neck-shaft angle, also erroneousfcy caïïed 
the coilodlaphysial angle; see also p ,1961 

The shaft exhibits three surfaces: entérine 
(3). fûtemf (4), and mcdïai (5), The latéral 
and media! surfaces are separated on the 
dorsal side by a twoiipped roughened line, 
the linea aspera (6) whîch represents a 
thîckening of the compacta, A nutiienr 
foramen is found near this line. Tlæ medùi! 
(7) and tarerai (8) lips of the linea aspera 
diverge proximal ty and distally, the latéral 
li|> becomtng continuons proximal ly with 
tïte glu real taberasity (9), This tuberosity 
can often develop very strongty and is then 
desjgnated as the third trochanter ( 10). The 
médial lïp extends up fo the tmdersurface 
of the fémoral neck. 


The médiat (20) and forera* (21) condyfes 
form the distal end of the fémur. Both aie 
united on the an ténor surface by the patel- 
lar surface (22), whereas they are sepa¬ 
rated on the posterior surface by the inter- 
condylar /ossa (23). This fossa is delïmited 
from the posterior surface of the shaft by 
the infetrondylar fine (24), which for ms the 
base of a triangle ( popfîTeof sur/ace, 25). 
The sides of this triangle reprisent the con¬ 
tinuation of the lips of the linea aspera and 
are also designaied as the médiat and 
latéral stjpracoridyiar fines. 

The medroî epieonrîyfe (2B) protrudes me- 
dialiy above the medsal condyîe and bears 
an élévation, the addncfor îubercte (27), 
The latéral epirondyfe (28), situafed on the 
latéral side, is demarcated from the latéral 
condyle by the popftteaf groovc (29). 



Somewhat latéral to this ïip is a ridge. the 
pectineaî Une (11), descendi ng from the 
lesser trochanter. Both proxtmally and dis- 
tally the fémoral shaft loses its triangular 
form and becomes rather four-s Ided. 

The head of the fémur (12) with its umbîli- 
cate ptt or/ovea (13), présents an ïrregular 
border with the neck. The transition of the 
neck Info the shaft ïs marked at the ante- 
rior surface by the intertrochanteric Une 
(14) and at the posterior surface by the in- 
tertrodiûîitenc crest (15). At the boundary 
between the middle and proximal third of 
the intertrochanteric crest is a sllght éléva¬ 
tion, the quadrille tuberde (16). Directly 
bebw the grenier rrodmnter (17) is a pït- 
îike dépréssion, the trac/ianreiTc fossa (18). 
The fesser trochanter (19) protrudes back- 
ward and medialty. 
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C Tfiird trochanter 


A Anteriorvjewof rightfemLr 


B Poslericr view ofrïg ht fémur 
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Fémur, continued (A~C) 

The medïûl (1) and lofera/ (2} omdyfes 
differ both in size and shape, They diverge 
distalfy and posteriorly, The latéral etmdyîé 
is wider in front than at the back, whïie ihe 
médial condyie is of unifcrm width. The 
oblique |>ositïon of the shaft of the fémur 
means that in the opright position both 
condyles are in the horizontal plane 
des pi te theîr di fferent sizes. 

in the transverse plane both condyïes are 
only sîightly and atmost equaüy curved (3) 
about the sqgitmf axis and in the sagittaî 
plane there is a turvature (4) which in- 
creases postehorfy. This means thaï the 
radius of curvature decreases posteriorly. 
The midpoints of the curve thus lies on a 
spiral line (an in volute), Le., on a curve the 
midpoints of which folïow another curve. 
This prodlices not one but innumerabie 
l rems verse fixes* which permit* the lypical 
flexion of the knee joint (p. 212) thaï con 
sists of sUdïng and rolling motion. At the 
same time, ït ensures that the collateral 
ligaments become suffidently ïax to per¬ 
mit rotation of the knee joint. The médial 
condyle bas an additional curvature abont 
a ver fictif axis, the 1 lotatory curvature" (S). 

Ossification: The pcrichortdral bony ciilTof Ihe 
shaft appears in thé 7îh mtrauterme week în the 
lOth mont h of fêtai îife an endœhondral eenter 
becomes visible in the distal epiphysis (sign of 
mattirîiy). Furiher ossification centers devdop in 
the head of the fémur in the J styearof Iife Jn the 
greater trochanter in the Trd year, and in the 
lesser trochanter at about ibe âge of 1 î -12 years, 
The proximal epiphysis fuses earlier (17-19 
yeam) rhaü the distal (19-20 years). 


Pale lia (D-H) 

The pateila is £he iargest sesamokl boue of the 
human boriy. It is trsanguïar in shape with ils 
base facing proximaïiy and its dp, the apex 
pateftae (6), fadng distally. \i lias two surfaces, 
one toward the joint with the fémur and the 
otber directed anterïoi ly, Thèse two surfaces juin 
at a latéral (thinner)ajnd a media] fthîcker) mar- 
gia Tfie anterior surface ma y be divided into 


three parts and incorporâtes the tendon of Ihe 
quadriceps femoris rmiscîe, 

Jn the lippe r third there is a coarse, fiattened. 
mugh surface which often bas exostoses and 
serves largely for the attachment of the tendon 
of the Quadi keps muscie. The mjddle third is 
eliaracterized by numeruus vascular candliculi. 
wbile lhe lower thîrd intludes the apex, which 
serves as rhe orîgin of the pateltar ligament. 

The inner surface may be divided inlo an articu- 
iar surface covering about tltree-quarters and a 
distal surface witti vascular canaliculL This b 
fïlied by farty tissue. tfie infrapatellar adipose 
body. 

The articular surface is divided ïnto a îateral (7) 
and a ïtiediai (S) facet by a variably devekïped 
vertical ïedge- Tour types may be distinguîshed; 
Type I, tfie ntost common, bas a ïarger latéral 
and a smaller médial articular surface: Type 2 
lias two aïmost equalîy large arhcttlar facets: 
Type T has a parütularly smaîi, hypopbstic me¬ 
diaï articular face, and in Type 4 the Icdge which 
divides the faccts is oniy indicated. 

Tlie whde articulai surface area of the patella in 
rhe adolt is about ï2cm ? and. especiaïly in the 
conter, is covered by cartilage of up to 6 mm 
thtekness. EWaximat cartilage tliickness îs fbund 
at about 30 years of âge and tbeo continuaify 
decreases with increasing âge. 

Ossification (F); An ossification center devefops 
in the 3rd- 4th year. 

Mi Variants: There is often emargination of the 
latéral proximal edge of tlie pale lia. This is talïed 
a pâte lia emargïnata(C), Apateïîa bipartite is tiie 
resuït of ossification of an additional car- 
ttlaginmts ïayrr jn the sa me area in which rhere 
has t>een an emargination. The oïd idea thaï 
seveial ossifïcatkin centers oeeur in tlie pateia 
which thon fail to fuse is not aeceplcd today (01- 
brfch). In addition to a bipartite patella (H) there 
are triparrite and multipartite patellas. Partite 
patel tas occur almost exelusiveïy in males, Tbey 
may be distinguished from fractures by their 
position and the il shape. 
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Flanc f j t section 
inFfg r B 



A Distal view of Ibe condyle aï the fémur 8 Section through the latéral tondyle 



G F^tdia efiïarginata 


H Bipar trie pâte l ia 
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Positions of the Fémur (A-G) 

The angle formed between rhe neck and 
the sliaft of the fernur is called the col- 
lodiaphysîaî angle or* more coFrectly the 
neek-shaft angle, Le., the angle of inclï- 
nation. In the newborn it is about 15œ h 
decreasingat the âge of 3 years (A) to 145 û . 
ïn aduîts (B) the angle varies hetvveen 126* 
and 128*, and in old âge (C) it reaches 12CP. 

CUnlcal Tlp: In disease of bone feg„ rickets), 
the angle of inclination may be reduted to 90 e . 
The angle of indination is décisive for the 
strength and stabiîity of the fémur; the smallef 
the angle the greater the rbk of fracture of the 
neck of the fémur The incklenee of fractures of 
the neck of the fémur in the elderîy is reïated to 
the ïoss of elasticity of the bnny tissues as well as 
to the réduction in the angle of inclination. 

The angle of inclination influences the re¬ 
lation of tire fémoral shaft with respect to 
the weight-bearing line of the leg. The 
weight-bearmg Une flf the (healthy) kg lies 
along a straight line from the middle of the 
fémoral head through the middle of the 
knee joint to the middle of the caïcaneus, 
The plane which passes through the lower 
surface of the fémoral condyles is at right 
angles to this vertical line. This produces 
an angle between the axis of the shaft of 
the fémur and tiie weight-bearing line. 
Ttïîs angle is related inter alla to the angle 
of inclination and is important in relation 
to die correct position of the lower Ihrib 
fseealso p*214). 


duced. ïn a European the mean angle is 12 e , 
with a range from 4° to 20°. The torsion 
angle, which is assoriated with the inclina¬ 
tion of the pelvis, makes it possible for 
flexion movements of the hip joint to be 
transposed into rotatory movements of the 
beat! of the fémur. 

Abnormal values for the torsion angle re¬ 
suit in atypicaî postures of the lower limbs. 
If the torsion angle is încreased, Ûw Ümb is 
turned mward, and ifU ïs decreased or ab¬ 
sent, tlie limb is tumed out; both postures 
resuit in a reduced range of mobility to one 
side. 

■I ClnlcalTIp: In the modérait? ly ftexed hip, the 
tip of the greater t rochanrer does ont rise above a 
line which joins the superior anterior lliac spine 
to the ischia! tuberosity. This frhenretical line ïs 
k mwn as the Roscr-Ndaton line {Cl In a case of 
fracture of Lhe neck of the fémur, or a dislocation. 
Lhese three points no longer lie on a straight Ime. 
Thus, the Roser-Nélaton kne may be of heïp in 
Lhe rîîagnosis of fractures, aïthough ïts practicaî 
value is disputed 


ülfe cUnfeat Ttp; Pathologie changes in the angle 
of indïnation resuit in abnormal posture of the 
legs. An abnormalîy smaU angle of inclination 
P ru ü tires coxa vara (D), and an abnormally large 
angle dMta valga (EX The îatter is usualJy com¬ 
binée] with genu varum of bowleggedness {$ee 
p. 214}, as any change in the shape of the fémur 
natuiaîly must affect the knee joint. A toxa vara 
leads to genu valgum (see p. 2I4X 

The fémur also bas a torsion (FX ïf a line 
drawn through the neck of the fémur is su- 
perimposed ou a line drawn transversely 
through the condyles, an angle will be pro- 
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A 

Angle of inclination 
in a 3-yeanofd dilld 



Angle of inclination 
in an aduit 



Angle of inclination 
in old agc 



D Coxa vata (assodated wlth genu valgtim) 




G ftoser-Néiatcn fine 
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Lower Limbe Bones. Ligaments* joints 


Hip Joint (A-D) 

The articulât surfaces of the bip Joint are 
formel by the ïtmate surface of the 
amafeulum (1 ) and the fémoral head (2). The 
lunate surface of t he joint cavity présents a 
section of a holïow sphere and is extended 
beyond the equator by the acetabular lîp (3). 
The acetabular iip consista of fibrocar- 
tiîaginous material The lunate surface and 
the ïip cover two-thirds of the fémoral 
head. The bony socket is incomplète and 
dosod infenoriy by the trattsverse acetabular 
ligament (4), The acetabular labrum is 
found on the free margin of this ligament 
The %oment of the head of rhe fémur (G), 
which is covered by a synovial membrane, 
extends from the acetabular fossa, where 
theie is a fatry cushion (5). to the head of 
the fémur. This ligament contains the 
artery to the head of the feront which 
contes from the acetabular brandi of the 
obturator artery. The head of the fémur is 
also supplied with blood branches of the 
médial and latéral clrcumflex fémoral ar 
teries. 

The middle part of the upper rîm of tire 
aœtabulum appears thickened in radto- 
graphs and may be called the roof of the 
socket. 

The joint capsule is attached to the hip bone 
outside the acerabularîip, so that tbe latfer 
projects freeiy into the capsulai space* The 
capsulai attaebment £8} at the circumfer- 
ence of the head of the fémur lies at about 
the sa me distance from the cartiïaginous 
rim of the head of the fémur. ïherefore, the 
extracapsular part of the neck is shorter in 
front than at the back. Anteriorly the line of 
attathment is in the région of the in tertre- 
chanteric fine (7), while posteriorly line of 
attachaient (8) is a fingerbreadth away 
from the inrertrocfianrenc crest (S). 

Hip joint ligaments. Among these ligaments 
is the stmngest în the human body, the 
ifrojfemoml ffgûmeur £10), which bas a ten- 
sile strength of 350 kg. 


ïhere are five ligaments, of which four are 
extracapsular and une is intracapsular. 

The extracapsular ligaments are the zona 
orbiculnris (11), the ïflq/emoral %ament 
(10), the isrhio/emoraf ligament (12), and 
the pubo/emorüi figement (13), The last 
three ligaments strengthen the capsule 
and, a i t he sanie rime, prevent an excessive 
range of mowment The zona orbicularis 
lies like a collai around the narrowest paît 
of the neck of the fémur. On the mner sur¬ 
face of the capsule it is to be seen as a dis¬ 
tinct circulât élévation, and extemaüy it is 
covered by the other ligaments, which 
partly radiate into itThe head of the fémur 
projects into tbe zona orbicularis like a 
but ton in a buttonhoïe. ïogether with the 
acetabular iip and atmospheric pressure, 
tbe zone orbicularis serves as anadditkmal 
arrangement to maintaln contact between 
the head and tbe socket, 

The ligament of the head of die fémur oins 
wrthïn the capsule. 

Those régions of the capsule which are not 
strengthened lïy ligaments reposent areas 
of weakness. The ilioperrinea/ burso lies be - 
tween the capsule and the iliopsoas 
muscle. In 10“ 15% of people ît commuai- 
cates with die hip joint. 

Clinical Tîp; During inflarroroatmy processus, 
e.g., effusions into the joint, the weaker areas are 
pushed outward and become very pressure-se n- 
Sîtlve. Luxations tear îhe capsule, and the liga¬ 
ment of the head of the fémur with the artery of 
rhe head of the fémur may be severed. This may 
produce mitririonaï ddïciencies in the head of 
the fémur. 
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C Pûsterïorviewafhip joint 


D Attachment of capsule to fémur 


A Section through 
hip Joint 


B Anterior view of hip joint 
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Hip Joint, continuer! 

Ligaments of the Hip Joint (A, B} 

The iliofemoral ligament (1) anses from 
the nnferior rn/mor Hiac spine (2) and the 
rïfri of the acétabufum and extends to the 
faterrroduinteric Jine (3). ït ha s a strong 
transverse part (4), which lies further 
eraniaîly and runs paralïei to the axis of the 
neck, and a weaker descending part (S)ïyîng 
further caurïaüy and rnnning parallel to the 
axis of the shaft. The two parts, of which 
the latéral portion is twéfed like a screw, 
art differently and form roughly the out- 
Ime of an inverted Y, In the upright posi¬ 
tion, with the pelvis tilted posteriorîy, the 
twist and tension of this ligament permits 
the stance to the maintained withont 
muscular activity and prevents the trunk 
from falling backward. In addition, the 
iliofemoral ligament keeps the head ofthe 
fémur in contact with the socket. When the 
thighs are flexed, there is a réduction in 
tension in both iliofemoral ligaments, 
which allows the pelvis to tilt a little 
further back, so that the sining posture be- 
cornes possible- The tbicker, tra ns verse 
(latéral) part of the ligament prevents 
latéral rotation and adduction ofthe fémur. 
The descending ( media! ) part restrîcts me¬ 
dia! rotation. When the thigh is flexed, the 
entïre ligament betomes lax, so that a 
much greater degree of rotation is possible. 

The ischiofemoral ligament (6) arises 
from the ischium beîow the acetabulum 
and runs almost horiæontaïiy over the neck 
of the fémur to the atrachment of the 
latéral pan of the iliofemoral ligament, in 
addition ït radiâtes into the zona orbicularo 
(7). Ït prevents media! rotation of the thigh. 

The piibofemoral ligament (S), the 

weakest of the three ligaments, arises from 
the obturotor crestand the adjacent part of 
the obfimitor membmne (9), Ït radiâtes into 
the capsule, specïfically into the zonaorbic- 
ularis (7), and continues by way of this into 
the fémur* ït restrkts movements of abduc¬ 
tion. 


The intracapsular ligament of the head of 
the fémur extends from the acetebtdcr 
nofch to the fovea for ligament of the beat! 
Il does not serve to maintain contact be~ 
tween these structures* When tîie liip is 
dislocated, it may prevent ftirther déplace¬ 
ment to a certain degree. sintc ortly then 
dœs it become stretched. 

Movements of the Hip joint 

In üfe. muscle tone restrkts joint move¬ 
ment. most noticeabîy when the extended 
limb ïs anterïorly elevated. 

Movements of the hip joint inelude flexion 
(antéversion) and extension (rétrover¬ 
sion). abduction and adduction, cimiin¬ 
duction and rotation. Flexion and extension 
occur about a trans verse axis threugh the head 
of the fémur. With the knee béni the thigh 
may be raised agaïnst the abdomen. This 
movement of flexion is much greater than 
that of extension, which can only be ex- 
ecuted slightïy beyoïtd the vertical. 

Abduction and adduction occur about an 
anterror-posteiior axas through the fémoral 
head. 

Rotation ofthe fémur occurs a round a (verti¬ 
cal) axis thro ugh the head of the fémur mû the 
media! fémoral condyle. With the leg ex- 

tended, a rotation of 60° is possible, 

Circu mduction es a compound movement in 

which the leg describes the surface of an 
irregular cône, the apex of which lies in the 
head ofthe fémur* 

10 Acetabular lip 

11 Ischia! tuberosîty 

12 Creater trochanter 
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A Anteripr view of froments af hip [oint 
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Bones of the Leg 

The bones of the ïeg are the tibia, or shin- 
bone* and fibula. The tibia is the stronger 
bone which atone provides the connection 
between the fémur and the bones of the 
anîde and font. 

Tfcfa(A-D) 

The tibia has a somewhat triangular shaft 
£ 1} and proximal and distal ends* At the proxh 
mal end lie the médial (2) and tarerai (3) 
candyles. The proximal surface, the supe- 
rior articutar surface \s interrupted by the 
intercondylûr emfnence (4), This élévation 
is subdivided into a mediûi(5}and a tarerai 
(6) inferconrîytar tuberde, In front of and 
behind the emînence lie the anterior (7) 
and poslerior (S) infercondyter area. On tbe 
outward facing overhang of the latéral 
condyïe there is a smaü ameuter facet , 
directed latéral !y and disîally, for articula- 
tiort with the frbula (9). 

The three-sided shaftof the tibia has a sharp 
anterfor border (10}, which proximally be- 
cornes the tibial tuberosity (il) and is Élat- 
tened distally. It séparâtes the media! sur- 
face (12) from the latéral surface (13). The 
latéral surface joins the posterior surface 
(15) at the inferosseous border (14). The 
posterior surface is separated from the me- 
dial surface by the médiat border (16). Prox- 
ïmaily on the posterior surface of the shaft 
of the tibia is a slightfy roughened area, the 
soleal fine (17), extendtng obliquely from 
the distomedial side to the proxi molateral 
side. Latéral to thïs there is a mttrient fora¬ 
men (18) of varyirtg size. 

The distal end is prolonged medially to form 
the médial maitaotas (19) with its maifcotar 
articutar face t The malteofar groove (26) 
i uns along its posterior surfece The te/e- 
rior articuler sur/ace of the rteta, which lies 
on the ïower surface of the distal end of the 
tibia, articulâtes with the talus. On the 
latéral side, in the /ïbutar notdi (21 ), there 
is a syndesmotic connection, s.e. P a fibrous 
joint, with the fîbula* 


In the aduit the proximal end of the tibia is 
bent slightly bockward. We speak of rétro¬ 
version or an actual backward tilting of the 
tibia. The angle between the superior artic¬ 
ula r facet of the ribial condyle and the hor¬ 
izontal averages 4° to 6°. In the last gesta- 
tional months this initiaîly very small 
angle mereases to about 30?. In the fîrst 
months after biith, and more espedaîly 
when iearning to stand upright, the angle 
becomes smaller, 

The superior ailicular surface lies behind 
the long axis of the tibia. This means that 
the proximal end of the tibia is shifted pos- 
terioriy. This shift is referred toas retraposi- 
tien. 

The ri N a also shows tonton* i.e., rotation 
between its proximal and distal ends. This 
ts often présent tn arîuïts and is attributed 
to increased growth of the médial tibial 
condyle. 

Ossification: In the shaft of the tibia pericitoo- 
dral ossification begjns in the 7th imrauterine 
week, an endochondral ossification center 
devdops at the proximal end m the IGth irt- 
trauterine memth or in the l st year* and an endo- 
choudral osseous tenter in the distal epiphysis 
appears at the beginntagof the 2nd year. The dis¬ 
tal epiphysis fuses firsh between the âges of 17 
and 19 years, and the proximal epipbysis fuses 
laier, between Lhe âges ot‘ 19 and 20 years. 
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A Anterior view of rKjlil tibia 


C Posterior view ofright tibia 
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Bones of the Leg, continued 
Fibuîa (A-D) 

The fibuîa corresponds approximately in 
ïength to the tibia, but is a slimmer and 
therefore rnore flexible bone. It. loo, con- 
sists of two extremities and a shaft 

The proximal end is the hcod of the fibuîa (1} 
with its orfitnfor facet £2) and a sinall pro¬ 
tubérance, the opex of the fîbutar head (3). 

The shaft of the fibuîa (4) is approximately 
triangular in its middle pan and has three 
borders and three surfaces. In the distal 
third there is a fourrh broder. The sharpest 
edge is the forward-facing anferior border 
(S), which séparâtes the ïuteraJ£6) from the 
medtûi (7) sui/üce. The medioi crest (8) sép¬ 
arâtes the médiat surface from the poste- 
rior surface (9). tt is separated from the 
iatcruî surface (6) by lhe posferior border 
(10). On the media î surface there is a tow 
but very sharp bony ridge, the mtenosseotts 
border (il), to whîch the interosseom mem¬ 
brane (12) is attacheri. Approximately in 
the centerof the posterior surface or on the 
postenor border, there is a nutrienl fora» 
meti. 

On the latéral surface of the distal end. 
which expands distally. there is the large. 
fEat latéral maileolus (13) with a facet for 
ortiruforion wltft the refus on ils inner sur¬ 
face (14). Behind it there is a deep groove. 
the latéral malleolar fossa (15), to which 
the posterior talofibuîa r ligament is at¬ 
tached. A variable. well-developed groove, 
the maffeofor groove (lG) r is présent on tïie 
latéral surface behind the latéral maileolus. 
The tendons of the peronei muscles 
(p. 260) course in this groove. 

Ossification: The penchondmï bony euff 
develops in the région of lhe shaft in the 2nd in» 
iranienne month. An endocftondral ossification 
center rîevdops in the maïieoius in Ihe 2nd year 
and Ln lhe head of the fibuîa in the 4tb year. The 
distal epiphysis fuses eariier between the âges of 
16 and 19 years. and lhe proximal somewhat 


ïater berween 17 and 2t}years. The jonction line 
of lhe proximal epiphysis runs beïow the head of 
the fibuîa, and that of lhe discal epiphysis above 
the maileolus. Qmically, care mmt be tafcen not 
lo confuse these epiphysjai disks, parficularty 
that of Lhe distal epïpftysis. wjth fracture Unes. 
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A Mediaiview 
of right fïbula 


t— 4|h year 


7thLu. week 


2 ndyear 
D Ossification 
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B Latéral view 
ofrigfitfibula 
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C Section through tibia and fibula 

witti ffitcrasseous membcane 8 / ^ ip 
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Lower Limb: Bernes. Ligaments, Joints 


Knee Joint (A-C) 

The knee Joint is the ïargest joint in the 
human body. it îs a tetnge joint, a spécial 
type of mobile rrochoginglymus. Flexion of 
it combines rolling and gliding move- 
menfcs. In the ftexed position some rotation 
is possible- 

The articular bodies of the knee joint con- 
sist of the fémoral condyles and the tibia] 
condyles. The incongruence of these joint 
surfaces is compensated by a relatively 
thidt cartilaginous covering and by the 
meniscL In addition to the tibia and fémur, 
the patelia also forms part of the knee joint 
The clinidan aïso uses tire term femoro- 
patcllar joint, meaning that région of the 
knee joint in which the patelia is in contact 
with the femuc 

The fémoral condyles diverge to some ex- 
tent distally and poste riorly. The inférai 
condyle is wider in front than at the back, 
while tire media! condyk is of more con 
stant width. In the transverse plane the 
condyles are only sfightly bent on a sagittal 
axis, in the sagittal plane, the curvature in* 
creases toward the back, ire,, the radius of 
curvature becomes smalïer (p, 194), In ad¬ 
dition, the médial tondyle curves about a 
vertical axis (curvature of rotation). The su* 
penor tibial articuler surface is formed by 
the condyles. which aie separated by the 
mtei condylar eminence and both intercon- 
dylar areas. 

The wide T lax capsule (1 ) is thin in front and 
at the side and is strengthened by liga¬ 
ments, The patelia is inserted Info the 
anterior wall of the capsule. 

At various points the knee joint possesses 
ligaments, menisci, and eommunlcatïng 
bursae. 

Ligaments. The patelîar ligament (2) is a 
continuation of the qundrtceps tendon (3), 
which extends from che patelia to the tibia/ 
t übemsify (4). The itérai patelia r rrtinaeulnm 
(5) is formed by fïbers of the vas* us latér¬ 
ale muscle and some fi bers from the rec- 
tus femorïs muscle, Some fihers of the ilio- 


tibial tract aïso radiate into it. Lsteraliy, it 
joins the tibial tuberosity of the tibia, The 
media] patellar rednaculum ( 6 ) is formed to a 
large extent by fi bers from the vastus me- 
dialis muscle, which runs distally, médial 
to the patellar ligament and is atfached to 
the tibia m front of the media] collateral 
ligament. Transverse fi bers (8), which anse 
from the tncdwl epreondyte (7) radiale into 
the médial patelîar retinaculum, Two 
latéral ligaments aeî as guidance ligaments 
for flexion and extension of the joint. The 
tibial collateral ligament (9) is a ftatiened, trï- 
angular ligament, which is built into the 
fîbrous membrane of the capsule, and is 
fused with the médial meniscus (p, 208), It 
contai ns three groups of libers, The cure- 
rior long Jtbers (10) extern! from the mé¬ 
dial épicondyle (7) to the media! border of 
the tibia (II), The short, upper, postertor 
fibers (12) radiale into the medii menis- 
eus. and the inferion posterior fibers (15) 
extend from the media! meniscus to die 
tibia. It is covcred partly by the superficial 
pes anserinus and is crossed inferioriy by 
that part of the tendon of the semimembra- 
nosus (14) which is attached to the tibia. 
I he round f&ular coûterai ligament (15) is 
not fused with the capsule nor with the 
latéral meniscus. It aiises from the itérai 
epicondy/e (16) and is attached to the /tend 
o/ tfte/ïWto{i7), 

On the dorsal surface, îhe oblique popîiteal 
ligament (18) comprises the latéral radia¬ 
tion of the tendon of the semimembrano- 
sus (14), It extends latéral ly and proxi- 
mally, The arcuaie popîiteal ligament (19) 
arises from tire apex of the head of the 
fibulü (20) and passes into the capsule, 
crossed by the tendon of the popJfteus (21). 

22 Suprapatellar bursa 

23 Media! bursa subfcendïnous of 
gastroenemius 

24 Media! head of pstroenemius 

25 Latéral bead of gastroenemius 
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Lower Llmb: Bon es. Ligam ents, Joints 


Knee Joint, continued (A-C) 

A further group of ligaments of the knee 
joint is thaï of the crudaw ligaments, They 
serve in particuiar to maintaîn contact 
during rofary movements* They are intra^ 
capsulât but exrra-articuîar ligaments 

(p. 210). 

The anteriof cmciate ligament (!) runs from 
the anterior intercondyîar area of the tibia 
to the inner surface of the latéral condyle 
of the fémur. Fifre rs arising from the latéral 
side extend frirther dorsally than thoso 
fmm the médial si de. 

The posterior miciate ligament (2) *s srmnger 
than the anterior cruciale ligament, lr 
passes from the latéral surface of the me 
dial condyle of the fémur to the posterior 
intercündylar area. 

The meiusct consist of connective tlssue 
with extensive collagen fiber material, in¬ 
filtra te d with cartïlage-like ce Ils. The col 
lagen libers run in two principal directions. 
The strong libers foilow the shape of the 
meniscî between rheïr attachments, while 
weaker fi ber s pass radially to an imaginary 
midpoim and interlace between the longs- 
tudinally ainning fi bers. This arrangement 
means that curvcd longitudinal tears (see 
below) can occur more easiîy than trans¬ 
verse fears, The carrilage-Uke ce Ils mostly 
lie near the snperfidaï surface of the 
menisci* 

In tra ns verse section the menisti are se en 
to be flattened media!ly. On the extej nal 
surface they fuse with the synovial mem¬ 
brane of the joint capsule. They may move 
over the underlying tibia, They aie sup- 
plied wïth blond from the middle génie ular 
and inferior latéral and mediaI genicular 
arteries of the knee, whidi together form 
the périméniscal marginal aFterial arcades. 

The médial meniscus {3} is semicircular in 
shape and is fused with the ti&fd coffûteraf 
frgamenr (4), Their points of attachaient are 
reîativcly wideiy separated. The media! 
memseus is wider posterîorly than anteri- 
ofly* so the anterior crus (S) is much tfrin- 


ner rhan the posterior crus (fi). Its attactv 
ment makes it far îess mobile than the 
latéral meniscus. External rotation of the 
leg causes the gneatest displacement and 
pulttng stress on it. Internai rotation re¬ 
laxes it. 

The latéral meniscus (7) is almosf circular: 
its points of attachment lie close together, 
and it is of uni form width. ït is more mo¬ 
bile than the medîai meniscus. as il does 
not fuse with the/rbutorooftarenTf figumem 
(8). and therefore it is ïess stressed by the 
different movements. Fmm its posterior 
horn arise one or two ligaments. The ante- 
ràf meniscofemoral ligament (9) anteriorly 
and the posterior meniscofemoral ligament 
( 10 ) posteriorly pass behind the posterior 
cruciate ligament to the media! femoral 
condyle. The posterior meniscofemoral 
ligament is présent more often than the 
anterior (about 30%). Less ofëen (see Fig. C) 
both ligaments are présent The transverse 
ligament of knee (Tl) joins the two menisci 
in front. In 10% of cases it îs divided Info 
severaj strips. 


Cliniral Tip: Cîinicians distinguish ar. ante- 
rior and a posterior horn in eath meniscus. 
Merrisri rnay be torn by continuous excessive 
force or by uocoordin^ted movements (e.g* fteX' 
ion in externaî rotation with a fixed feot). Dam¬ 
age to tfte médial meniscus b about 20 rimes 
more frequent than: to the latéral meniscus* be- 
cause of iis more îimited mobiïity and its thin 
anterior crus, iortgïfudruel raptères {huotci 
tumdte tcür) or /mefures of the tmterioti or poste- 
rfor ftoni may occor. Affer surgical remova] of a 
meniscus* with préservation of tire marginal 
£one of the capsule, meniscoid tissue may be 
fcrmed which takes over the fonction of rhe 
meniscus. The meniscofemoral ligaments may 
cause difficultés du ring operations on the posfy- 
rior honc 
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Lower Limb: Bones. Ligaments, joints 

Knee Joint, 
tontînued ( A-D) 

The synovie/ (1) and fibrous (2) membranes 
of the articula r capsule are sépara ted by 
fatiy deposits on their anterior and poste- 
rior surfaces. The reflectton of the synovial 
membrane antenoFÎy lies on the fémur (3), 
usually at some distance from the margin 
of the cartilage wtrere tire synovial mem¬ 
brane arises (4). This is due to the presence 
of the suprapafedar bursa (S) T which com- 
municates with the joint space. It shouJd 
be nofed that at this site of reflet tion (6K 
the synovial membrane appears sïightly 
lifted from the bone by periosteal connec¬ 
tive tissue (7), On the tibia (8) the attach- 
ment and the réfaction of the synovial 
membrane anteriorly Ne dose to the car- 
tiîaginous margin. Posteriody, the attach- 
ment of the synovial membrane to the 
fémur is at the cartifqge maigin (9) of the 
fémoral condyles. which produce two dor 
sally directed extensions (10) in the joint 
space, ïrt the center, the synovial mem¬ 
brane passes in front of the anterior 
crudate (11) and posterior c ruante (12) 
ligaments, so that aithough the ligaments 
are intracapsular they lie extra-articularly 
between the synovial (1) membranes, 
Their posterior attachment to the tibia is 
exactly on the cartilage margin (13). The 
memsri (14) are incorporated into the syn¬ 
ovial membrane. 

The joint spaee itself has a complicated 
structure. Anterioriy, in tire exposed joint 
there is a wïde fetty pad, the l'n/rûpateiïar 
fat p ad (15), inserted between the synovial 
and fibrous membranes. This extends from 
tive lower margin of the patella ( !6), which 
is enciosed in the anterior waïï of the cap¬ 
sule. to the m/rapafdfar synovial fold (17) 
dividing the remuant of the original sub¬ 
division of the joint into two chambers. 

The infrapatellar synovial fold extends 
through the joint space with a free upper 


margin and continues on the cruciale liga¬ 
ments. which it surrounds ffom the front 
(see above). The a/or foîàs (18) lie latéral to 
the infrapateliar fat pad and to the infra- 
patellar synovial foîd. 

There are numerous bursae around the 
knee joint, some of which communicate 
with the joint cavity. The iargpst of the 
cornmunkàting bursae is Tire suprapareitar 
feu rsa (S) T which lies anteriorly and in- 
creases the joint space proximal ly. Posteri- 
orly lie the subpnpftrea/ recels and the 
semimembranosm bursa , which are much 
smaîler. At the origïn of the two heads of 
tire gastrotnemius muscle are the fotmd 
and media f subtendinotts bursae of 
gastroenemius. 

The naftcauHTwmicatmg synovial bursae in- 
ciude the subcumneotis prepate/fur bursa, 
which is located directly in front of the 
patella, as wetl as the deep infrapateliar 
bursa (19). which is situa ted between the 
patelktr ligament (20) and tire fibrous 
membrane of the joint capsule. In parties 
lar cases T the latter bursa can also be in 
communication with the articulai cavity. 
Additional smaller bursae which are mt 
mguïarly présent indude The subfasâal 
prepatellar bursa, the subtendinous pre- 
pateîîar bursa , and the suheufaneous pre- 
patd/ar bursa. 
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A Sagittal section through Ihe knee joint 


B Expcsedright knee joint 
wtth pâte II a displ aced dis Lilly 


C ïrans verse sectî on t h rough k nee joint, 
proximal view of distal part 


D Attachaient of capsule 
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Lower Llmb: Bon «s, ligaments. Joints 



Movemettls ofthe Knee Joint (A-E) 

The knee may be tlexed and extended 
about an almost transverse axis, and in the 
flexed position rotation is possible about 
the axis of the ïower teg, 

tn the extended knee (A) bot h collateral 
ligaments ( l t 2) and the anterior part of the 
antarior erucfafe Rament (3) are tauL 
Ou ring extension the fémoral mnrîyles 
gltde mro the almost extreme position in 
which the tibia/ collateral Itgttrnenr {1} is 
complcteïy unfolded. During the last 10* of 
movement before complété extension 
there is an oMjgitoty terminal rotation of 
about 5* (the joint is "screwed home"), Tïjis 
is caused by stretching of the anterior 
cruauté ligament end is permrfted by the 
shape of the nied/of /emoral condyle 
(p r 194), ossisted by the iliôtibtal tract 
(p.254f Both latéral ligaments become 
raut and at the same tîme rhere is a slight 
unwinding of the emeiate ligaments {3,4). 
final rotation of the non-weight-bea ring 
active leg is proriticed by latéral rotation of 
the tibia, and in the weight-bearing (stand¬ 
ing) leg by media! rotation of the thigh. In 
the position of extrente extension the col¬ 
lateral (1, 2) and cmdate ligaments are 
tensed (A). 

Normal extension is to ISO 1 ', although in 
diildren and adolescents the leg may he 
overextended by about 5*, In the newborn, 
maximal extension is impossible because 
of the physiological occurrence of tibial 
rétroversion ( p t 202), 

în the flexed knee (B) the fibular collateral 
(2) is compïetely relaxed, and the 
tibial collateral %ameut (1) is ïargefy ïax, 
while the amen'or (3) and postertar (4} 
cruciate ligaments are tant In flexion, rota¬ 
tion is possible under tïie control of the 
cruciale ligaments. The extent of médial ro¬ 
tation (C) of the leg is iess than of latéral rota¬ 
tion. During mediai rotation of the tibia on 


the fémur the cmdate ligaments are 
twistedf a round cach offier and so prevenf 
any appréciable médial rotation ta the 
samc way t the dorsal fibers of the tibial co/~ 
latéral hgament (1) are tensed ai extreme 
médial rotation. During latéral rotation ; the 
cruciate ligaments become umvowid. The 
lirait of latéral rotation is primarily deter- 
mined by the tibial collateral figamem (2); 
its maximal extent is 45* to 6CF. The 
amount of rotation can be verifïed by 
movement of the head of the fibuïa (5) 
when the leg is lifted from the ground. 

Betnnse of the oblique position of the 
cmdate ligaments, in every position one 
cruciate figement or part of one is always 
tense, ta any case, taese ligaments corne to 
eonmtf tac joint as soon as the collateral 
ligaments become inadéquate. Le., the cruci- 
ares ma ouata statalify when the cotlam ah 
relax. 

During rotation the fémur and meniscr (6) 
move over the tibia, and during flexion and 
extension the fémur rolls and gïides on the 
menisci, so that we may consider the knee 
to be a "mobile joint 11 . 

CJlnlcal Ttp; 'the reiativdy large and incen- 
gruerU joint surfaces are subject to considérable 
stress and they often show damage to the 
tilaginous cuver! ng in old âge. as wei! as booy 
changes. h\ a case of ruptored anterior cruciate 
ligament (D), theso-called anteriordrawerslpfï-S 
is observed, i.e,. in the fïexed position (with the 
collateral ligaments relaxed)the lower leg can be 
pu lied forward 2-3 cm (arrow). Rupture of the 
posterior crucïate ligament and the fibular col¬ 
lateral ligament resolts in the poslemr tlrawtx 
sip, i.e.. the tawer leg may be pushed bsckvuard. 
Abnormal latéral move ment s occur if lhere is a 
mm latéral ligament ( wobbly joint). 
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E Draper sIg n, anterior disp] aeem ent 
of tibia when ouciate I iça ment is severed 


D Tomartefîormrciate ligament 
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Alignment of the Lower Umb ( A-CJ 

Irrespective of the angle of inclination of 
the fémur (see p, 196), the alignaient or 
shape of the ïower extremity dépends on 
the correct development of the knee joint. 
A misalignment of the lower iimb wili 
cause abnormal ïoading and earïy signs of 
détérioration of the knee joint. 

If the knee joint isdeveloped normally, the 
limb is straight (genu rectum. A), tn thaï 
case the wejgfif-bearing fine (1) runs 
ihrough the rmdd/e of the head of the fémur 
(2), the middle of the knee joint, and. when 
extended, also through the m/ddte of the 
cakûneus (3). 

Whert the vwigfjt-henring Une is displaced 
laterally (1), Le., U runs through the latéral 
fémoral condyk {4} or (/te ftead of the fîbula 
(5), tlic condition is known as genu val- 
gum or “frnodf-knee" {B}* tn thîs case the 
tibial collateral ligament (6) wiil be over- 
stretched and there is excessive stress on 
the latéral meniscus (7). the cartilage- 
covered articular surface of the latéral 
fémoral condyle (4) and the latéral cortdyïe 
of the tibia (8), The joint space is larger on 
the media! than on the latéral side. ïn genu 
valgum we hâve inereased end rotation. In 
a case of knock-knees the médial surfaces 
of the legs near the knee joints touch, 
while tire media! malieoli elsewhere hâve 
no contact. 

When the wetgftt-heoripg fine (1) runs 
through the medfd /emomf condyle (B) or 
médial to it, the condition is known as 
genu vamm (C) or u büwl^ggedness h . The 
fibular collateral ligament (10) is overex- 
tended, and there is increased stress and 
wear and tear on the médial meniscus (Il ) 
and on the cartilage covering of the articu¬ 
lât surfaces. ïn the région of the knee joint 
the legs cannot be made to touch. In genu 
vamm the legs cannot be completety ex¬ 
tended, so terminal rotation cannot occur. 


Connections between the Tibia 
and the Fîbula (D) 

Tlie tibiofibular joint (12) is an almost îm- 
mobile synovial joint (amphiartforotis) be¬ 
tween the head of the fibuta (13) and the 
filmkir aniailar facct of the latéral tibial 
condy/e (14). ït possesses a terne capsule 
which is reinforced by the cnrerior and 
pastenor hgaments of the head of the fîbula. 
If is aJso known as a compensaiîon joint be- 
catise, during maximal tbrward dorsifïex- 
ion in the artkle (lalocruial) joint, there is 
expansion of the malleolar mortise, and 
this results in a compensatoiy movement 
in the tibbfibiilar joint. 

în addition to the synovial joint between 
the leg boites, the interosseous membrane 
of the leg (15), as a fi brou s joint, fixes the 
two bones. The libers in the interosseous 
membrane run inferiorly from the tibia to 
the fîbula and are very tense. 

At tlte distal end of the two bones is the 
tihiofîbuUr syndesmosis (16). Tbis con- 
sists of an nniemr tihiofibular ligament, a 
relative^ fiat ligament which runs ob- 
Jiquely over the an feriez surfaces of the 
distal ends of both bones, and the posfenor 
tibiefibutar ligament on their posterior sur¬ 
faces. The fiber direction of the posterior 
ligament is more horizontal, Both liga¬ 
ments are only very slîghtly extensible, so 
that during dorsi flexion slight déplace¬ 
ment of the leg bones from eath other is 
possible. 


17 Semitendînosus. graciïîs, and sartorius, 
strongïy loaded 

18 Biceps femoris and ifiotibial tract, 
strongiy loaded 


Alignaient of the Lower Limb* Connections between Tibia and Fibula 215 



D Connections between 
tibia and fibula 


A C Positions of the lower lîmb and knee joint 
{dccondmg fo Lon/ lVoohsmiith) 
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Bon es of the Foot (A-C) 

The skeleton of the foot may be divided 
ïnto: 

- The tamis 

- The metatarsos 
» The digits 

The tarsus cousins of seven bones. the 
talus, cakancus, navicular. tufcoid and the 
tbree cuneiform boues. The metatarsus con¬ 
stats of fiw metatarsals, and the digits are 
formed by the phalanges. 

Bo nés of the Tarsus 


The talus aise articulais wjth ligaments thar 
hâve cartilage dépositions (see p*224). VaiiaMy 
developed articulât surfaces are therefore prés¬ 
ent on ils m ferler surface. These are refersed to 
as the (latgerj artkültîr Jhcer for tiie planter caT 
«mecramcutor fëgarîïenf and the (smaller) ûïtccu- 
lor ïurjuce foi tiw cafawiearravittridr port of the 
bifîtreate îigariienr. 

OsstRealîmu An ossification tenter appears tu 
the talus in the 7th- 8th intrauterine monde 

WM Variant: In exceptions I cases, the latéral 
ruberde of the posterfor talar precess forms an 
indépendant boue, the os t ri^onc m or acrcssory 
talus* 


The talus (A~C) transmits the wetght of the 
en lire body to the foot. We distingulsh ïn it 
a head (1 ), a body (2), and a imk (1). The 
head of the talus catries the novlcnfar ar- 
tictdar surface for articulation with the 
navicular bone T and the neck of the talus 
has smail vascuîar charnels and 
raughened areas. On the body of tire talus 
we distingutah rite rrochlea (4} and behind 
this a posferfor talar process with latéral (5) 
and media! (6) tubercles. immediately ad¬ 
jacent to the médial tuberde is the groove 
for ihe tendon qf the flexar halluds forçgns 
(7)* The trochlea of the talus and ils supe 
rïor surface are wider in front than aî the 
back. This is more pronounced in right tali 
than in left tali, On the latéral side, the su- 
perior surface blends with the fafera! 
moüealar facet (8), which extends onto the 
latéral taktr protess {9}. Medially lies the 
sm aller media! maJJeoiar facet HO). The 
throe joint surfaces serve for articulation 
with the malledar mortise. As an inferior 
continuation of tlte navicular articular sur¬ 
face* we find the antetior facet for coi- 
caneus {11). Continuous with the amener 
calcanea! facet (mfrequently there is an in 
tennedïate cartilage-free zone) lies the 
middte caleaneaï facet (12). Posterior to the 
lattes the talar sukus {13} and the large 
posterior caîcaneal articulai face! (14) are 
found. 


The calcaneus (D-C) is the larges! tarsal 
bone* Posterlorly it bears the large tuber 
caïcanei (15) which has two forward-facing 
processes at the point of transition onto \ts 
lower surface, the latéral and media! 
pratesses of the roter caftanei Tlie Achiîles 
tendon is inserted into the roughened area 
on the tuber calcaneL Anterioi îy the te is 
the surface for arti'cufcifion with the cuboid 
bone (16). On the upper surface of the cal- 
caneus, there are normal ïy three artïcuiar 
surfaces, the anterior{ 17 X middfe (18), and 
posterior (19) talar articular surfaces, 8e- 
tween the iatter two lies the coicaneaf sa! 
cas (20), which* together with the talar sub 
eus (sec above), forms the tarsal sinus. The 
two anterior articular surfaces may be 
joined together. On the media! surface, the 
sustenfaeufum tali {21} projects outwanl !t 
bears the middle talar artïcuiar facet* Infe- 
riorly lies thegroove for the fendu ri offlexor 
hallucis iongus[22). ïn most cases there is a 
sNghtly elevated bony tuberde on the 
latéral surface of the taîus* the peroneal 
troc/ïfea (23), under which runs the grooi'ç 
for the tendon of peroneus longus (24). 

Ossificaltun: A burty tenter develûps in the caï- 
caneus in the 4îh-7th intrauteîine month. 

CHnlcâJ fip: In sème cases there is an anteri- 
ndy dîreaed boey process, the csïcaneaî spur, 
ansing ftoai tlte mediaî tuberal pmeess, from 
which various musdes ûf tlie sole of the foot 
arise, A cakaneal spur may be veiy painful. 
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A Supcjiot view qf riyhL talus 



B Inferiur view of right L<ilus 



G Ossification ofeakaneus 


Lower Umb 










Lower Limb: Bones, Ligaments, Joints 


Bones of tlie Foot 

Bones of the Tarsus, continued (A-P) 

The navîcular (A-C) articulâtes with the 
talus and with the three cuneiform liones. 
A concave articuler surface faces the head 
of tlie talus. 'lhe tufterosity of the naviodor 
(1) i$ directed pfûntarïy and medially, Pis¬ 
ta Lly rheie are thiee joint surfaces sepa 
rated only by small crests for the three 
cuneiform bones. 

Ovsifit^tion; An ossification cerner develops m 
Ote 3rd-4th year. 

The cubold (D-F) îs shortcr laterally than 
medially* Distally theie are joint surfaces 
for the fourrh and fifth metatarsal bones 
sepa rated by a ridga Media lly lies t he joint 
surface for articulation with the latéral 
cuneiform bone. and somerîmes, foehînd h, 
we find a small area for articulation with 
the navscular. The oalocirieGl process (2). 
with ils surface for articulation with the 
calcaneus, is directed posteriorly. On tlie in- 
ferior surface runs ihegroovefor the tendon 
of petoneus iongus musete (T), posterior to 
which is a fransverse ridge, the mbenosity of 
the cuboid (4). 

Ossification: The ossification tenter in the 
cuboid deveïops m rhe 10th in natterine month 

(sign of maturityf 

The three cuneiform bones fG-P) differ 
from each other in sïze and position ïn the 
skeleton of the foot The médial (G, H) is the 
largest and the intefmediate (J, K) i$ the 
smallest of the cuneiform bones. The bîoad 
surface of the médial cuneiform faces the 
sole of the foot, whîle the intermédiare and 
latéral (L, M) cuneiform hâve their Sharp 
edges directed planlaîly. 

Ail three cuneiform lx)nes hâve artïcular 
surfaces proxi mally for articulation with 
the navicular (S). Distally and directed 
toward the drgits are articulations for the 
rnefatarsaïs. The media! cuneiform articu¬ 
lâtes with the firsî metatarsal and, to a 
small extern, with the second meta ta rsa! 
fG). whîle the latéral cuneiform has Joint 


surfaces for articulation with the thtrd 
metatarsal. a small facet for the second 
metatarsal (?) and somettmes an equally 
small facet for the fourth metatarsal. lhe 
intermédiare cuneiform articulâtes distally 
onîy with the second metatarsal. The three 
cuneiform bones also articulate with each 
other. In addition, the latéral cuneiform has 
a joint surface (B) for articulation with the 
cuboicL 

Ossification: Ossification œnters appeai m the 
médial tmndfQJrnn {H) in the 2nd-3rd year. in the 
intermédiare cuneiform (OJ in the 3rd yeac and 
in the latéral cuneiform (PJ in the ?sf-2nd year. 
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D Dorsal view 
ofright cuboid 


E Ptantar view 
Of right cuboid 


F Ossification 
of cuboid bone 



G Mudiaf view of right 
médial cuneifûi m 



H Latera f view of ûg ht 
médial cunetform 



N Ossification of médial 
euneifomn 



| M edial v iew of «ght 
intcrmediate cuneèform 



I 


L Medical view ofright 
latéral euneifarm 




K Latéral view of fight 
inter médiate cunetform 


M Latéral view ofright 
latéral euneifomn 




0 Ossification of inter- 
médiate tunefform 


P Ossification of latéral 
cuneifomi 
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Lower Limb: Bones, Ligaments, joints 


Boues of the Font, continised 
Bon es of Uio fl/tetatarsus (A, 6} 

The five metatarsals are long houes and 
are eonvex rîorsally. Ail of them possess a 
base (IX a s/io/t (2), and a head (3). The first 
metatâFsal is the shortest and thickest 
There is a tüfeerosïEy at the base of the first 
merafai^aî on ils plantar surface. ïn the ré¬ 
gion of this tuberosity and latéral to it, the 
bone articulâtes Jaterally with the base of 
the second metatarsal and posterïorïy via a 
curved surface with the médial cunetform 
(4). On ils anterior end the head carnes, on 
ils plarnar surface, a smaïl tidge, and on 
either side of it there are two smalï 
grooves* In rhese are regulariy found two 
s ma 11 sesamoid bunes (5). The second, Uiird, 
and fourth metatarsals are sfimmer and their 
bases are wider dorsally than on their 
plantât sides. On the facing sides there are 
joint surfaces for articulation with each 
other, and posteriorly proximally for the 
cuneiform and the cuboid bones* llie 
heads of ihese three metatarsal bones are 
compressée! laterally so that they resemble 
folîcrs. The tfftfi metatarsal bone d if fers in 
that it bas a tuberosity (6) on the latéral 
sideof its hase. 

Bones of the Toos 

The second-fi fth dipts each hâve a proxi¬ 
mal, ntïddîe and distal phalattx, while the first 
digit bas onîy two phalanges, Each phalanx 
has a base (7). a s haft (S), and a head (S). 
The distal phalanx (10) has a distaf tuberos- 
rfy. There aie s ma U grooves on the proxi¬ 
mal and middle phalanges. 

9H Variant: Ûccasitmally, in the fifth digiî the 
middle and discal phalanges may bc joined* Tiiis 
may already be the case in the cartilagmous 
stage before birth. 


Sesamoid Bones 

Near the metatarsophalangeal joints there 
may be many sesamoid bones* although 
they are only présent regularly in tiw ré¬ 
gion of the head of the first metatarsal. 

Ossification: The carrilagîra?us metaiatsal an 
lagen deveiop a perichondral bony tuf F in die 
shaft in the Znd 3rd intrauterine month, and oc- 
casionally there is afso art eplphystal ossification 
center. iike the meUtarpals, the epâphysiai bony 
ceolciof the Iksî metatarsal is ïn its base, in tiw 
other metatarsals it is always in the head, The 
epiphysial endochondral ossification ceniers 
deveîop sti îhe 2nrî-4th years, ïn sonie instances 
there may be addîrbnaïîy a second epiphysial 
anlage in tiw first and fifth metatarsal bones, 

Epiphysial centers appear in the hase of the 
phalanges in the 1 st—5th year, while perichon 
drat ossification in the shaft develops in îhe Znd 
fith intrautertne roonth. fhey fuse during 
puberty. The indivtduai bony anfagen are rela- 
tively valable and lhetF rimes olappeatance can 
be different, so the figures quoted here should 
only be taken as a general guide. 


11 intermédiare cuneiform bone 

12 l aie ral cuneiform bone 

13 Cuboid bone 

14 Navicular bone 
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A Dorsal view of metatarsals and phalanges of right foct 
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Lower Lîmbr Boues, Ligaments, joints 



joints of the Foot (A**C| 

The joints of the foot include the upper 
ankie joint, or hiiocrural joint, and the Jower 
ankle joint, or suhtalar and tatocaî- 
caneonavkular joints. 

In addition we hâve cuneonavicuiar cal- 
eaneoctïbokî. çmîeocoboïd h and inter- 
cuneiform articulations. 

The tarsometatarsal joints are articula¬ 
tions between the tarsal and me ta tarsal 
bones. 

Articulât connections between the bases of 
the metatarsals are the intemtetatarsal joiftts 
and rhose between the metararsals and the 
phalanges of the foot are the métatarse- 
phalangeal joints. 

Also présent aie joints between the 
phalanges» or interphakngeal articulations of 
the foot. 

Ankie joint 

The artïcufer surfaces of the taîocrwal 
joint are fomied by the nmileolm mortke 
(1) and the superior surface of the fûtar 
trochlea along witli its médial and latéral 
malleolar facets. The tibia and fibuia form a 
mortise» or clasp, for the roi! of the talus 
(see p,216). The joint surface of the fibula 
extends further tfistalïy than the tibia. 

The joint capsule (2) is attached fo the 
margins of the cartilaginoiis layer of the ar¬ 
ticula r surfaces, Tlte joint cavity contai ns 
anterior and posterior synovial foïds* 

Ligaments of tlie aokîe joîlît. The îargest liga- 
ment on the médial si de is the delfoid for 
mcdiolj ftgemenr (3)* which consista of 
tibionavicuiar (4). tibiocalcaneal (S), and 
anterior and posterior (6) tibiotalar parts. 
The tibionavicuiar part (4) extends from 
the tibia (7) to the navimiar (S) and covers 
the anterior tibiotalar part. The tibiocal- 
caneal part (5) ruas to the susientacuîum 
tali (9) and partly covers the tibionavicular 
part (4), Other ligaments include the an té¬ 
nor talofibttlar ligaments (10), the posterior 
talofibuUir ligament and the catenneo/ihulàr 


froment (Il )< The anterior taloftbuiar liga¬ 
ment connects the latéral inalleolus to the 
neck of the talus. Tiw posterior taïotibuîar 
ligament runsalmost horizon talïy froni the 
latéral malleolar fossa to the posterior taîar 
process. The joint capsule bulges distal and 
proximal to this ligament. The malleolar 
mortise ïs fixed by the anterior (12) and 
posterior tibio/ïbnînr ligaments. These 
bands and the calcaneofibular hument are 
collective^ known as the latéral collateral 
ligaments. 

Movements. Both pianterflexion and dur 
siflexwm are possible. In piantarfîexlon, 
the trochlea of rhe talus is narrower poste 
rioriy, which leaves more fiee play in the 
mortise» sïight side-to-side movement h 
possible. The ankle joint is a hinge joint wifh 
a tramverse axH hegrrming just fceneatfc the 
tip o/ rhe médiat maUeoîus ond rannirçg 
dirough the thickest part of the latéral 
malieoltts . The range of movement be¬ 
tween maximal dorsal and plantar flexion 
is up to 70 e . 

Cliirïcal Tip: Two joint Unes permit amputa¬ 
tion of the forefœt or of tire forefom and mid- 
fboi. Chopàrt'S joint linæ {C, red) is incorrcttÉy 
called the ''transverse taisai joint. 1 ' Ir runs be- 
tween tiw talus (13), caleaneus < 14). navsajîar 
(8), and euboid (15). The bifurcate ligùmem (16. 
set? p 226) is also considered the key feature, as 
division of ït is the prêt etïuisïfe to the opening of 
Qiopart's joint line. Usfrarsc* joint line (C blue) 
lies between the tarsal s and the metatarsals. Il 
should be noted that the second ntetataisal ( 17) 
projects proximally. so the line is mt straight. 

IS Hantar calcaneocuboid ligament 
19 Long planta? ligament 
26 Médial cuneifortn 

21 Intermédiare cuneiform 

22 Latéral cuneiform 

23 Media! tubercle of posterior process of 

the talus 

24 Planiar caIcaneonavtcular ligament 
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B Med ial view of jointe of foot 
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joints of the Foot, contirmed 

Subtaiar and Talocakaneoitavkular 
Joints (A, B) 

Although separale* these joints uct in uni- 
son. The subtaïar joint (1 ) fbrms the poster 
rior part and the taiocalcaneonavicuiar 
joint (2) foims the ante rior part of the 
joint. The articulai surfaces of the subtafar 
joint are forme cl by the mfus {3} and the 
eofconeus (4). The capsule is îoose and rhin 
and is strengthened by the meduti and 
iaterai (5) tahcoiconeat ligaments. 

The talocaïcaneoxtavîctâar joint is made 
up of three bones, In addition to the joint 
surfaces of the tafus. ccittineus, and the 
novicnfor (6), there is un addïtional articu¬ 
lât surface covered by cartilage on the 
plontor cofcüneomviadüî figement (7). 
This ligament connects the caicaneus in 
the région of the médial articula* - surface 
with the navicular bone, and together with 
the îatter forms the articular cavity foF rhe 
heacl of the talus (spring ligament). 

The capsule of the taloca Icaneo navicu Iuf 
joint (anteriOF part) is attached immedi- 
ately at the edge of the cartilage or iî ex 
tends as far as the plantar calcaneonavicu- 
lar ligament. The terne bifartüte ligament 
(see S. p. 226), which binds the caicaneus 
(4), navicular (6), and cuboid (9) together, 
strengthens the capsule. The inrerosseous 
fafoopfcanaîl figement (10), lying în the tan 
sal sinus, dî vides the subtaiar from the 
ta loca Icaneonavtcu I a r joint. 

In summary, the ankle joint permits tunge 
movetnents white the subtaiar and the talo- 
calcaneonavicular joints permit rotatiorc 
The ankle joint is a hinge joint, a ginglymus, 
and the others aFe pivot joints, trodiî, and 
together they function as a trodigiiigjymus. 
frlovements of rotation are known as pro- 
nation (eversion) and supination (inversion}, 
correspondtng to the pronatîng and s opi¬ 
nât ing movements of rhe hand. 


Supination is the élévation of the médial (irtner) 
edge of the four, and pronation is tfie élévation of 
the latéral edge of the fooc with simuitaneous 
latéral rotation. The ftül range of movenient of 
pronation and supination between their mreme 
limite amounts to 60 e . 

Joints between the Other Tardai 
and Métatarse i Bernes [A, G) 

The calcaneocuboîd joint (11) is an amphiar- 
throsis. The joint cavity is a part of the so- 
calïed Chopart's joint fine (see p.222). The 
cuneouavicûiar and the tarsometatarsal joints 
as weiï as the cuneocuboid joint are alsoanv 
phiurth roses. The ligaments which rein¬ 
force tlie joint capsules wîll be discussed 
on page 226, To these amphiarthroses 
beîong the ïntertarsal joints and the inter- 
metatarsal joints, which lie between the ad¬ 
jacent sides of the bases of the second- 
fifth metatarsal boues. 

joints oftbe Toes 

The métatarse p ha langeai joints and the 
interphaiapgeal joints of the foot may be 
divided into tlfe proximal and the middîc 
and distal joints, The proximal metatarso- 
phalangeal joints are ball-and-socket 
joints, although their mobility is restocted 
by collateral ligaments, The middle and 
distal joints are pure hinge joints. 


12 Dorsal calcaneocuboid ligament 

13 Dorsal cuboïdeonavieufar ligament 

14 Talonavicular ligament 

1$ Dorsal larsometatarsal ligaments 

16 Dorsal metatarsaï ligaments 

17 Long plantar ligament 

15 PI a ma r metatarsul ligaments 
Î9 Tendon of the petoneus longus 

20 Tendon of the tibial is amener 

21 Tendon of the Libialis posterlor 

22 Tendon of the peroneus brevis 

23 Plantai calcaneocuboid ligament 

24 Plantai cuboïdeonavicuîar ligament 
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8 Rantar view of joints offoot 
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Lower Limb: Bones, ligaments, joints 


Ligaments of the joints of the Foot 
(A, B) 

The ligaments of the tarsus aredrvided into 
sewrai groupe, 

ügaments which joirc the \eg bones to eaeh 
other and to the tarsals {red J inciude The deï- 
tord figamem (1)* the tarerai ligament con¬ 
si sting of the anterior /ato^bufar ligament 

(2) and the posferfor tdofibulm ligament 

(3) , the cûlcûtieofibulûr ligament (4), the 
anferfor tibiofibular ligament (S), and the 
posterior f tbiqftfwJar ligament (6), 

Ligaments which join lhe talus to the other tar- 
sais (green) inciude the fülonaviajlar liga¬ 
ment [1\ the interosseous talocalcaneal 
ligament (8), the latéral^}, and médial (10) 
tafoeafcaneal %aments and the posterior 
tatoeafcaneal ligament (11X 

IhereinaÈmng dorsal tarsal ligaments (yclîow) 
indude the hi/urcaie ligament (12) with its 
calcaneonavkular and calcaneocuhoid 
libers, the dorsal intercuneiform ligaments 
(13), the dorsal cuneocuhord ligament (14), 
the dorsal eubaldeonavicular ligament (1 S), 
the dorsal euneonavkular ligaments (16), 
and the dorsal calcaneocuhoid ligaments 
(17). 

The plantar tarsaï ligaments (bine) connect the 
indivhtual tarsals on their plantai surfaces. 
Ihey inciude the lorçgpianfar ligament (18) 
extending from the calcaneal tuïierossty to 
the cuboïd and metatarsal bones, The plan- 
far cakaneonavicular or spr'mg ligament 
(19, see p. 228) is important for the stabtl- 
ity of the foot The médial part of the long 
plantar ligament, the plantar catca - 
neocuboid ligament (20), ts particulariy im¬ 
portant In addition, there are the plantar 
ameonaviadar ligaments, the plantar 
cuboideonavicular %amem, the plonrar in- 
tercuneiform ligaments, the planter 
caneocuboïd ligament and the interos- 
seous ligaments, nameiy, the mterosseoits 
cuneocuhoid figamem and tïie tnterosseots 
mteiruaei/orm ligaments. 


Ljpmenïs betweeti tarsus and mciatarais (vio¬ 
let), These may be divided ïnto tfie dorsal 
and plantar tarsometatarsal ligaments and 
the mfemsseons euneom etatatso I liga¬ 
ments. 

Ligaments befween the metatarsals (ptnk), 
They inciude the dorsal and planter inter- 
osseoas metatarsal ligaments, ail of which 
lie near the bases of the meratarsaïs. 


Morphology and Functîon 
of the Skeleton of the Foot (€, DJ 

Examination of the skeleton of the foot re- 
veals that in the postOFior segment the 
bones lie over one another, whereas in the 
middle and an ténor régions they lie side 
by side, By this me ans The foot lïecomes 
airhed with the formation of sagittal (longi¬ 
tudinal } and transverse arches. 

Starting from the talus, a médial sériés of 
bones (light g ray) continues straight on, 
white a latéral sériés (dark gray) fans ouf 
from the eakaneus toward the front The 
médial sériés consists of the talus (21 )> the 
navkufar (22 k and the cunmform bones 
(23), and the three médial mefatarsafs with 
their assodafed phalanges. The latéral sériés 
contai ns the calemteus {24\ the cubotd 
(2S), and the two latéral mefafarsals with 
their cornsponding phalanges. 

This results in the foot being wide in front 
and nanower at the back: it ts aîso higher 
hehind than in front Finally, the foot aïso 
bas an arch which faces medîally and is 
curved both longitudïnally and trans 
versely. The longitudinal curvature is more 
marked on the médial rban the latéral edge 
of the foot. The trans verse arch ts weîl 
developed only in the midfoot and foie- 
foot. 

Cllnkst Tlp; tlÊnkaily the talus and cah 
cancos are considérer! the tsack foot. wîiile the 
other tardais are regarded as the middle foot and 
the metatarsal and phalanges! bones as the fore^ 
foot. 
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B Latera I view of liga ments of foot 


sériés of booes of foot 


C View trnm above 
of the two sériés 
ot bones of foot 


Lower Limb 
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The Plantar Ârch and Sts Fu net ion 

(A~C) 

The plaorar arc h is normal ly in a position 
of supporting the weight of the body. The 
feony points of support of the aith on a level 
ground surface are the eaküneal tuberosity 
(X ). the heoâ of thefirst metatarsal (2), and 
the heod of the fifth metûtarsal (3). ïhus, 
the supporting surface is in the form of a 
triangle (A, dotted red), Jf a footprint (B) is 
examîned, a somewhat laiger support!ng 
surface is found. which is produced by The 
soft tissues. The Hue of transmission of the 
weight of the body ru ns from the tibia (4) 
to the cofcaneus (5) and to the miefjbo* and 
forefoot (6). The transmission of pressure to 
the arch in both directions remis to flatten 
its eu rva titre, and this is opposed by the 
ligaments and the plantar muscles. 

Ligaments. Ligaments cannot fatigue end 
htm o greater résistance ro stress titoo 
musdes. Their résistance dœs not vary. but 
if they are overstretched they are unabie to 
rerurn to their previous shape, 

The ligaments may l>e divided into the 
plaatar aponturosts {7X the long plantar liga¬ 
ment (8,9). rhe plantar caïcaneonavicular liga¬ 
ment (10) T and the short plantar lipments, 

The snperffdal plantar aponturasis (7) joins 
the calcaneal tuberosity to the plantar sur 
face of rhe digîts. il acts especially in the 
standing (static) position, In the metatarsal 
part of the font, tension in the transverse 
libers of the aponeurosis supports both the 
longitudinal and rhe iransverse arches. 

The long plantar ligament (8, 9) braces the 
latéral sériés of the tarsals. It anses from 
the plantar side of the eaïcaneus, becomes 
wider distally and extends as a iopg r super- 
/îrioi f\brous loyer { 8) inferior to the tendon 
of the peroneus longus to the bases of the 
metatarsals. Short fibers mach the tuberos¬ 
ity of the cuboid as the planter cakü- 
neocuboiâ ligament (9). 

The plantar cakraneimavictitar ligament (10) 
and the short plantar ligaments rogether 


form the deepest layer of ligaments. Jt in- 
ireases the size of the Socket for the heod of 
the talus. On the inner surface it is covered 
by fïbrocartilage, which somefimes may be 
catcified. This ligament may be up to S mm 
thiefe. 

Plantar muscles, They also restst the efïect 
of the wetght of the body in spreading the 
foot, and they sur round the arches Uke a 
cl amp. They are subject to fatigue and are 
weaker thon the ligaments. However. 
muscle tension can be regulated according 
to stress, and recent investigations hâve 
shown that it ïs brought into play under 
conditions of gieaf stress. The action of the 
médial abductors is superior to that of the 
latéral abductors, 

The plantar muscles are divided into the 
intrinsk mnsdes of the foot (11X which 
stretch between the tarsals and the 
metatarsals and phalanges, and the tendons 
of the extxinsic muscles of the foot, which de¬ 
scend from the leg and are inserted on the 
varions tarsals, metatarsals, and phalanges. 
The intrinsic muscles of the root permit 
movements of the digits with respect to 
the metatarsals and tarsals. In the standing 
or static position, the digits and metatar- 
sais are pressed onto the g round, and the 
intrinsic muscles of the foot fonction as 
tensor muscles of the plantar arch, as they 
counteract the saggmg tendency of the 
metatarsals. 



The Planta rArth and Ils Function 



A SMeton of foot, showing 
weight-bearing points; 
view from abûve 



B Footprint of right toot wtth outîine 
of the bony skeleton: view from below 
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tower Limb: Bones, Ligaments* joints 



Foot Types JA-J) 

Clïnical np; 'Oie normal posture of the 
foot in the hving may be determined by 
takmg a fbotprïnt. in the healthy font, pes 
reclus (A) the prfrit sftoitfd show impnes- 
nions offive âigits. anterior and posterior 
parts of the sole, and a smp jûining them . 
The main load on the foealthy foot (EJ lies 
tnediaUy on the calcanem ( t ) and the head 
of the fim metohirsül (2). 

ïf the print shows a wide. fiattemd impres¬ 
sion (B) of the en tire soie, îhen the subject 
bas a flatfooh pe$ platius. Fiat feoî aie 
caused by inadequacy of the inirrnsic plan¬ 
tai muscles. which leads to an overexten- 
sion of the ligaments and thus to a collapse 
of the plantar arch. When tins occors. there 
is a pronation of the talus. and this may 
tiien siide medialiy over the calcaneus (F). 
The end resuit ï% a remodelingof ail the in- 
voîved tarsaïs {calcaneus, talus, navkuïar* 
and cuboid). 

Du ring development of fiat foot. se ver e 
pain in the foot and leg occurs, due to over- 
stretching of the long muscles of the sole. 

A footprint in rwo parts (C) re présents a 
high longitudinal arch, pes cavus (C), Here 
the calcaneus is supinated, whiie the other 
skeletal parts of the foot are pronatcd. 

A pes planovalgus has a footprint thùt 
hulges medially (D). It représenta the com¬ 
bination of a Hatfoot and pes valgus (H>; 
the calcaneus is pronated 


caused hy paralysis of the muscles of supi¬ 
nation—triceps surae. tibial is poster ion 
flexor hallucis longus. flexor digitorum 
longus. and ïibialis anterïor. 

CLubfoot, pes vams (g), shows tïte exact 
opposite. Here the long axis thmugh the 
talus and calcaneus and the axis of the 
tower Hmbjbrm an angle whkh is open me - 
dralfy. This may be caused, for instance, by 
paraïysis of the pronators, the peroncai 
muscles, extensor digitorum longus. and 
the extensor haïlucis longus. msuiting in 
supination. 

ïn pes rectus (C) the latéral maiïeolus is 
lower than the médial malleoius. In pes val* 
gus (N) this différence in height ts in- 
creased, vvhilç in chiijfoot (J) the différence 
is absent or may evert be reversed. 

Other abnormal postures of the foot in du de 
pes equinus and pes calcaneus. Pes equi~ 
nus is the resuît of a paralysis of the exien- 
sors. and pes calcaneus is caused by paraly- 
sis of the flexor muscles. 

A combination of pes vams and pes equi- 
nus Ls represented by a pes equinovarus, 
which occurs a fier paraïysis of the pero- 
neal nerve and injury to the tibia lis ante- 
rior 


in the healtliy foot (G)* the weighf-beûrïng 
line 0 / the lower limb (sce atsü p.214} runs 
through the midâle of the cakaneus 10 its 
undersurface. 


In pes valgus {H), the vertical axis through 
the talus and cafeanews is sharpfy angulated 
witfr respect to the longitudinal axis of the 
lower limb, t/ms forming an obtuse angle 
open externaüy. The foot is everted (prô¬ 
na ted). This posture of the foot may be 
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Muscles, Fascias, 
and Spécial Features 

Muscles of the Hip and Thigh 

Classification of the Muscles (A-C) 

The hip muscles may be dassîfïed in 
several ways. üke the muscles of the 
shoolder girdle, rhey may be subdîvided 
according to their locations or innervation 
from the ventral and dorsal divisions of the 
plexus ïayers (see vol 3\ Further, tî*ey may 
also be grouped atcording to their 
development on the basis of their points of 
insertion. ïn this classification we distin- 
guish between dorsal muscles with an 
anterior and posterior grotîp, and ventral 
hip muscles. If is also possible to classify 
the muscles of the hip joint aetording to 
their function. 

Thigh muscles may also be classified ac¬ 
corda og to their location* funcdort or inner¬ 
vation. Aecording to their location, we dis- 
tinguish anierior and posferior thigh 
muscles and adductors* With the exception 
of the gracilis* ali the adductors act solely 
on the hip joint and therefore insert on the 
fémur The True thigh muscles act primarily 
on the knee joint and are inserted into the 
leg. Here the extenso rs must be distin- 
guished from the flexors. The extenso rs of 
the knee joint lie on the anterior surface of 
the fémur and the flexors are on ifs poste- 
rior surface. Ontogenetically the sartorius 
ïs eonsidered an extensor, since it has only 
heen displaced seconda rily and now flexes 
at the knee joint. 

Discussion of the hip muscles wili take into 
considération their sites of insertion as 
welî as their fonctions, The rhigh muscles 
wil be discussed First in tenus of their lo¬ 
cation and then according to their func¬ 
tion. 


Dorsal Bip Muscles (see p. 234 ) 

Vie nnterht gnmp. which is inserted m die région 
of the fesser trochanter, mefudes 

- Psoas major and iliaots, togetfocr forming the 

îllOpSMS(l) 

- Psoas minor 

The postenor groupe wfctdi is inserted in die ré¬ 
gion of the greater trodianter région and ifs ton 
fmnafmn, indudes 

- Piriformis (2) 

- Gluteus minîmus (3) 

“ Gluteus médius (4) 

- Tensor fasdae latae (5) 

- Glutens maxîmus (6) 

Ventral Hip Musctes and Adductors of the Thigh 
(seep.23S) 

- Obtu ra tor rnternus ( 7) 

- Cemelli (B) 

- Qn,idratusfemûîis(9) 

Obturator externes (10) 

- Poctirteus (11 ) 

- Qa dits (12) 

- Adriuctor brevis (13) 

- Adductorïnngus(14) 

- Add uctor magnus ( IS ) 

- Adduetor mini mus (15) 

Anterior Thigh Muscles (see p, ?A&) 

- Quadrîceps femoris, consisring of 

- Rectus femoris (17) 

- Vastus intermedius (18) 

- Vastes nredialis (19) 

- Vastus latéral is (20) 

- Sartorius (21) 

Posîenor Tlïigli Mus des ( see p, 250) 

- Biceps femoris (22) 

- Semitendinosus (23) 

- Sernimemferanusus (24) 

- Fopüteus (see p,264) 

25 Fastia lata 

26 Anteromedîal intermuseular septum 

27 Latéral fémoral intermuscular septum 

28 Meck of the fémur 

29 Fémoral artery 

30 Fémoral vein 

31 Saphenous nerve 

32 Great saphenous veïn 

33 Sentir neive 

34 Deep fémoral artery 

35 Fémoral nerve 
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C Planes ofsections 


B Section thnough middle ot ttiigh 


A Section thraugh thigh 
in fhc région o4 fémoral neck 


qtun iaj*ur| 
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Dorsal Hip Muscles 

Anterîor Group imerted lu the Région 
of the Lesser Trochanter (A, B} 

The psoas major (t) is divided tnto a su- 
perficial and a deep part The superflrial part 
anses from the latéral surfaces of the 
twelfth thoradc vertebra and first tofburth 
htmbar vertebrae (2) as weU as from their 
intervertébral disks. The deep part tuises 
from the costal processes of the first to fifth 
htmbar vertebrae (3), 

The psoas major joins the ibacus (4) and, 
surrounded by the iliac fascïa T proeeeds as 
the iliopsoas (S) across the iliopubio emi- 
nence through the muscular latuna to hc 
inserted on the ter machonter (6). ïn the 
région of the iliopobic eminenee, the ilio- 
pecïineal btirsa lies between the muscle 
and the bone and extends as far as the 
anterîor surface of the capsule of the bip 
joint with which it communiâtes, Be¬ 
tween the lesser trochanter and the atiach 
ment of the iliopsoas lies the ilïac subten- 
dinous bursa, The lumbar plexus lies be¬ 
tween the two layers of the psoas major 
(see also p,404). 

The iiiacus (4) anses in the tirât fossa (7) 
and also from the région of the anterîor in- 
ferior iliac spfrte, ït joins the psoas major (1 ) 
to fbrm the iliopsoas (5f The fibers of fhe 
ïffocus are regulnriy inserfed m front of the 
fibers of the psoas major and extend éistatly 
over the Iessor frorhenter. me iliopsoas is 
the most important muscle for lifting (flex- 
ing) the îeg forv/ard and makes walking 
possible. It also serves to lænd die trunk 
tbrward and to lift the tiunk when lying 
down. 

The iliopsoas is also a latéral rotatorof the 
hip joint In contrast to the iiiacus. the 
psoas major acts on a number of joints, 
since it crosses vertébral and satroiliat 
joints. ït ïs therefore also invoîved in latéral 
Irending. 

Nerve suppïy: lumbar plexus and fémoral 
nerve. Psoas major (LÎ-L3), iliae muscle 
(L2-L4). 


■1 Variants; The psoas miner îs présent ïn less 
than 50% of subjects. H mises from the twelfth 
thoradc end first Irntbar vertebra and projette 
imo tiw Uinc /üsciia. ït is eitber rrtserted on the 
tîtopobic eminenee or radiales loto the iïiopec- 
tineal arrh. 

Nerve supply: lumbar plexus (L1-L3). 

The psoas major may also anse from the head of 
the IZth rib and the iiiacus may asise from the 
capsule of the hip jomi and from the sacrum. 

*: ClEnkal Tlp: Wandertng (hypostatic) àb- 
stesses. seep94. 


8 Pectineus 

9 Adductor mini mus 

10 Adductor longes 

11 Jliopectineal arch 

12 Inguinal ligament 
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A rXirsalmusdesorthehipvyHchare 
înserted into the lesser trochanter 


B Diagramoforigin. course, 
and insertion of muscles 


lower Umb 
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Dorsal Hip Muscles, continued 

Posterior Group inserted in the Région 
of Hie Greater Trochanter (A~D) 

The tensor fasciae ïatae (1 } crises in the ré¬ 
gion of the anterior superior üiac spine (2) 
and extends distal tü the greater trochanter 
rtto the ifîotîbiuf tract (3), wfiï'di is inserferf 
on rte latéral tibial confie. It presses the 
head of the fémur into theacetabuium. it is 
also a flexor* médial rotator and abductor. 
and assists the anterior bundïes of the gïu- 
teus médius and minimus. 

Nerve supply: superior giuteal nerme (L4- 
15). 

The powerful glutens maximum (4) bas a 
superfkial and a deep orïgïn The superficie 
hbm c rise from the iUac crest (5), the poste™ 
rior superior iftac spine (6). the thoracotum- 
bar fascia, the sacrum (7), and the coccyx 
(8). The deep libers crise from The ata of the 
dhim (9) behind the posterior giuteal line. 
from tire s aemtuberat lige ment (10) end the 
fascia of the glu reus médius (Àponeurasis 
gfuteolïsj. The proximal part radiâtes into the 
Uiotibial tract (3) and the distal paît insères 
into rtegfutecJ tuben?sd> (11). Between the 
latter and the greater trochanter lies the 
large trochanteric bursa of gluteus maxi- 
inus (12). Its relations hip to the is chia! 
tuberosity ts dépendent on the posture of 
the body. In the uprighî posture the muscle 
covers the ischia! tuberosity but leaves if 
free in the seated position, 

ït is pcimarily an extensor and latéral rota- 
1er af the hip joint and represents a muscu- 
lar défense against excessive forward till- 
ing of the pelvis. it cornes into action when 
dîmbîng stairs and when changing from 
the slfting to the upright posture. With its 
different sites of insertion it js able to act as 
an abductor as well as an abductor. That 
part which tenses the fasria lata abducts, 
while the part inserîed on the giuteal 
tuberosity adducls. Both glutei maximi 
may assist in contraction of the external 
sphincter ani. 

Nerve supply: inferior giuteal nerve (LS- 
$ 2 ). 


The glutens médias (13) crises /rom the 
giuteal surface of the ala of the ilium (14), 
between the anterior and posterior giuteal 
lines,/rom the üicc crest (15) rmd ifs fascia 
(Âponeurosis glutealis). U is inserted on the 
greater trochanter (16) Jïfce a cap. Between 
the tendon of anachment and the greater 
trochanter lies the trochanteric bursa of 
the gluteus médius. The anterior fïîbers of 
the gluteus médius act as a médial rotator 
and flexor, and the posterior part as a 
latéral roîator and extensor of the hip. 
whiîe the entîre muscle can fuîution as an 
abductor (for instance in dancing), 

Nerve supply: superior giuteal nerve (L4^ 
L5)> 

The gluteus minimus (17) crises from the 
gfuteoi crée on the ala of the ifmm (18) be¬ 
tween the anterior and inferior giuteal 
lines and is inserted into the greater tro¬ 
chanter (W). There is îts trochanteric bu rsa 
at its insertion, it corresponds in function 
to the gluteus médius, although it is a 
weaker abductor, 

Nerve supply: superior giuteal nerve (L4- 

$n 

The pirifcram (26) originales as severaf 
slips from the pelvic surface of the sacrum. 
latéral to the pelvic sacrai fora mina (21 ) p 
end from the margin of the greater sciatic 
notcfi It passes through the greater scia tic 
foramen and is inserted on rte anterïome 
dial aspect of the tîp of the greater tro¬ 
chanter (22). ïn the upright posture it fune 
lions as a latéral rotator and abductor. and 
it aîso plays a part in produdng extension 
of the thigh, 

Nerve supply: sacral plexus (LS-2). 

H Variants; The rmistîé may be divided into 
suerai parcs by the sciatic nerve or nther 
branches of the sacrai plexus. Sometimes il may 
be partly or compïeteîy absent. 

23 Obtura ter internus 

24 Quadratus femoris 
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B Posteriorgroupof bip muscles: 
piriformis And gluteus médius 



A Postef for group of bip m usdes: 
tensorof fasda lata and 
gluteus maximus 



C Posterior gioup of hip m usdes: 
pÊrifotmis and gluteus minimus 


D Dtagramofürigin, course, 
and insertion of muscles 


Lower Lfmb 
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Ventrai Hip Muscles (A-D) 

The ventral muscles, whîdi a te innervated 
by the ventral brandies of the nerve plexus 
layer* fonction as latéral rotators. They are 
important in the central of the body*s 
balance. Basically, the latéral rotators are 
s (ronger than the médial rota tors, and 
therdbrc, In the normal position of the 
limb, the apex of the foot points slightly 
outward to aditewe botter support for the 
body. 

The obturator internns (1 ) anse s from the 
inner surface of the hip boue aroimd the ob¬ 
turator foramen and from the ofrfurafor 
membrane lt passes through the lesser $cb 
atic foramen, alrnost ftliing if. and is in- 
serîed mto the frodîonferic fossa (2). The 
sciatk bursa of the obturator internus is 
found ï*ear the ïesser sciatic notch, The 
bone acts as a fukrum for this muscle. 
With the glutens maximus and quadratus 
femoris tt forrns the strongest latéral rota- 
tor of the hip joint In the sitring position, 
with tlie limb flexecl in front il acts as an 
a bd oc for 

The two gemelli represent, as it were, mar¬ 
ginal heads of the obturator inter nus. Ac¬ 
cord ing to Lanz ail tfrree muscles togelher 
may be termed the triceps coxae. The supe- 
riorgemellus (3) a ri s es from the hchial spine 
(4). and the inferior genwtlus (5) /rom the 
ïschrcl tuberosîty (6). fiotb reocft the tro- 
chanterk fosw (2), Their fu nef ion is to as¬ 
sis! the obturator internus, 

Nerve supply: inferior gluteai nerve, sacral 
plexus (L5-S2), 

Variants: lt is quite commun for one or the 
other gemellus. and sometimes bmh, to be ab¬ 
sent, Occasionally the obturator internus re- 
ceives extra bundles of muscle fifom aristng 
from neatby ligaments. 


The quadratus femoris {7) orises from the 
ischia f tuberosîty (fi) and runs as a tour- 
stded flatîened muscle to the intemochan 
tmc crest (S). It acts as a strong latéral rota- 
tor and adducior of the thigh. 

Nerve supply: inferior gluteai nerve, sacral 
plexus (1,5—S2). 

Ni Variants: II may be absent or it may fuse 
with the adductor magnus, 

The ©btwator extemus (9) crises from the 
externat surface of the médit il bony morgiri 
of the obturator foramen and the obturator 
membrane, it extends to the trochmteric 
fossa (2) and (rareiy) to the æpsule of the 
hip joint. 

Thïs muscle lies deep and it only becomes 
visible when the adjacent muscles bave 
been removed. At its origin it is covered by 
theadductors and in the thigh by the quad- 
talus femoris. lt is a latéral rotaior and a 
weak adductor. 

Nerve supply: obturator nerve (L1-L4), 

10 Piriformis 

11 Sacrum 
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C Distal view ofobturator 
eKtecnus rnusde 


D Didçram of origin T course, 
and insertion of muscles 


Lower Lrmb 
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Ad duc tors of rite Thigh ( A-D) 

The funciîonal adductors of the thigh ïh- 
clude 

- The obtu rater externes (see p. 23S) 

- The graeüLs 

- The pectineus 

- The adductor brevis 

- The adductorlongus (see p,242) 

- The adductor magnus (see p. 242) 

- The adductor minimes (see p, 242) 

Ail lhe adductors are innervated by the ol> 
turator nerve. but some reçoive additional 
Obers from tfoe fémoral nerve (pectineus) 
and tibial nerve (adductor magnus). 

The gracilïs (1) crises near the symphysis 
from the m/erior mm us of the pubis (2), and. 
as the only muscle of the adductor group to 
art on rwo joints, ît exfends as far as the 
médial surface of the tibia (3), onto which ît 
is ïoserted together wïth the semitendino- 
sus and sartorius as the pes fmsemtus su- 
perficiahs (4). It is the most médial musrie 
directly beneath the surface, and when the 
thigh is abducted, its cri gin can dearly be 
seen arching beneath the skïn. 

When tire knee îs extended, k arts as an 
adductor of the thigh and a hexorof the hîp 
joint. ït aiso Oexes at the knee joint. In the 
région of the pes anserinus, hetween the 
three tendons of insertion of the muscles 
mentioncd and the tibia, there is always a 
bursa. the anserïne bursa, 

Nerve supply; anterïor brandi of the obtu- 
rater nerve (L2-L4). 


and according to eîectromyographic inves¬ 
tigations acte as a weak mediai rotator. 
Nerve suppïy; femoraî nerve (12-0) and 
the anteiior braneh of the obmrator nerve 
(L2-L4). 

The adductor brevis ( 10) anses from the in- 
ferior ramus of the pubis (11) near the syjTV 
physis and moches the upper third of the 
medM tip o/tfce finec osperci (9). Ït lies very 
close to the adductor Iongus, In addition to 
its fonction as an adductor, ît also arts as a 
latéral rotator and weak fïexor at the hip 
joint. 

Nerve supply: anterior brandi of the obtu- 
rator nerve (L2“-L4), 


12 Adductor Iongus 

13 Adductor magnus 

14 Adductor mintmus 

15 Obturator externes 

16 Quadratus femorïs 

17 Semitendinosus 

18 Sartorius 

19 îliopsoas 


The pectineus (5) anses from the iîiopuhk 
eminence . aiong the pectm of the pubis (6), 
as far as the pu bit tubercle (7). It extends 
obïiquely distalward and lias art elongated 
rectanguîar shape. The proximal libers run 
immediately behind the lesser trochanter. 
ît îs înserted into the pectineal Une (8) and 
mto the proximal pan of the Mnea aspera 
(9). The pectineus and îliopsoas (see 
p.234) together form the floor of the iliO“ 
pectineal fessa. The pectineus Oexes at the 
bip joint (antéversion), adducts the thigh 
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Addixton* of tfiîghi 
gradlis, pectineus, 
and adduttûrbrevis 




D Diagram of orïgin. 
course, and in set- 
tien of musdes 


C Section throug h 
proximal third of thigh 
(through nede of fcmur) 


B Adductof brevis, 
in isolation 


Püneof 

section 


A 




Lower timb 
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Adductors of the Thigh » continuée! 
(Â-D) 

The adductor longus (1 ) crises frorn the su- 
pehor rames of the pubis (2) and is inserted 
ififo the middte third of the media/ Zip ofthe 
linea uspera (3). The adductor lotigus lies 
ventralJy on the adductor rnagnus (4). 
Proximaîly and dose to the fémur, the ad- 
ductor brevis (S) ïs interposed between 
them. The fibers of the adductor longus ex- 
tend distally înto the adductor canal (see 
below). It is primarily an adductor and a 
latéral rotaror, but may a Isa produce some 
degree of flexion (antéversion), 

Nerve suppîy: anterior branch of the obtu- 
rator nerve (L2-L4). 

The adductor magnus (4) crises from the 
anterior surface of the mfertor mm us of the 
pubis (6) end the injurier rames of the 
ischium (7) as far as the ischial tuberosity 
(8). The large muscle beïly passes 
downward on the médial side of the thigh 
and divides into two parts. One part (9) ts at- 
tached dtrectly by ifs muscle fibers to the 
mediai iip of the lima espéra (10) and the 
otber (11) is amehed by a tendon to the ad- 
ductor tuberde (12) t>/ the mediaf Épicon¬ 
dyle. The tendinotis part forrns an inter- 
muscular septum and on the mediai sîde h 
séparâtes the fl exors from the extensors. 

Between these insertions of the adductor 
magniis, fhere is a slit like opening, the ad- 
ductar hiatus (13). 7be tend!nous portion 
may foe palpated through the skin behind 
the vastus medialts and in front of the me¬ 
diai dimpie of the knee. 

The adductor jrtagmis is a powerful adduc¬ 
tor. which is particularïy active when 
Crossing the legs. The part attached to the 
linea aspera acts as a latéral rotator. Onïy 
the part which reaches the mediai épicon¬ 
dyle acts as a mediai rotator of the out- 
wardly rotated and ftexed leg. as welï as an 
extensor of the hip joint. 


The adductor minimus (14) is an in- 
completeiy separated division of the ad 
ductor magnus. lis fibers anse /rom the m- 
ferior ramus of the pubis (6) as tfre most 
anterior part of the oddurior mûgnus and 
nm to the mediai ftp of tfu? Hnea aspera (10), 
Crossing over the upper part of the fibers of 
the !;rue adductor magnus. il adducts and 
lateraiiy rotâtes the fémur. 

Nerve suppty: is commun to both muscles. 
The obturator nerve supplies the part that 
is attadïed to the linea aspera, and die 
tibial nerve supplies the part inserted on 
the adductor tuberde (L3-L5/ 

Ap©neurotic tendon fibers split: off from 
the muscular part (8) of the adductor mag- 
nus (4) and pass over onto the tendînous 
surface of the vastus medialis (15; see 
p.248/ This is known as the anteromedial 
intermuscular septum - subsatorial fasria = 
vasto-adductor membrane (16 T Some fibers 
of the adductor longus (1) may radtate into 
this membrane. Efcfween the vastoaddiictor 
membrane and the adductor magnum ad¬ 
ductor tongus and vastus medfafis; the te is a 
tunnel the adductor canal, which opens 
through the adductor hiatus (see above) into 
the popliteal fbssa. 


17 Cracifis 

18 Sartorius 

19 Fémur 
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A Adductors of thigh; adductOf 
minimüs. adductor magnu\ 
and adductOf iongu* 


Section through 
middle of thigh 


Plane of 
section 


D Diaqramoforigîn, 
course, and insertion 
ofmusdes 


B Adductor magnus 
and adductOf minimus, 
shown in isolation 


Lower Ümh 
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F u net ion of the Hlp Muscles 
and Adductors off Thigh (A, 0) 

As some bip muscles hâve extensive areas 
of origan and insertion, the varions parts of 
the muscle may produce very diffèrent 
movements. Lt must also be noted that 
some of the musdes s pan not only the hlp 
joint but afso vertébral joints and the knee 
joint 

Further influence on the vertébral joints by 

- Psoas major 

Further influence on the knee joint by 

- Gracilis 

- Tensor fasciae la tac 

- Sanorius 

- Rectus femoris 

- Semimembranosus 

- Semitendinosus and 

- Long head of biceps femoris 

As suefr, muscles of t he thigh also act upon 
the bip joint, in addition to the muscles of 
the hip. 

We disttngujsh latéral and médiat rotation 
movements wbich occur a round the tongj- 
tudinat axis of the ïimb. With the bip ex^ 
tendcd, médial rotation is more extensive 
than latéral rotation, With the hip flexed, 
the restrictive ligaments are tensed, so thaï 
the extent of latéFal rotation is then gréa ter 
than that of médial rotation. 

The movements around the transverse axis 
aFe extension (dorsiflexion, rétroversion) 
and flexion (ante flexion, an te version). 


Latéral rotation (A) is produced by 

- Glutens maximus (red) 

- Quadratus femoris (blue) 

- Obtu rater internus (yellow) 

- Glutens médius artd gluteus minimus 
with their dorsal libers (orange) 

- Il Lo psoas (green) 

- Obturator externus (brown) 

- AU the functïonal adductors except 
the pectineus muscle and the gracilis 
(violet) 

- Pin for mis (gray) 

- Sartorius (see p«248: not shown) 

Médial rotation (B) is produced by 

- Anterior fibers of the glutens medius 
and the glu (eus minirnus (red) 

- Tensor fasciae latae (blue) 

- The part of the adductor magnus 
inserted into the adductor tubercle 
(yellow) 

ïn the same way, the pectineus muscle (not 
shown) arts as a médial restator with the 
leg abducted. 

The coîor of the arrows represents the 
order of importance of the muscles in eaeft 
movement 

red 

blue 

yellow 

orange 

green 

brown 

violet 

gray 


Abduction and adduction occur about a 
sagittal axis. 
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Lower Limb: Muscles. Fasctas, and Spécial Featuæs 


Function of the Hïp Muscles 

and Adductors of Thigh, continu ed 

(A-D) 


Olnlcal Hp: If the a bd ut tors are paralyzed, 
the peïvis cannot be ftxed on the unaffected side 
when standing on the affect ad leg. The pefvis 
faits on the heaithy sidç {Trendelenburg test). 



The extensnrs (A) of the hip joint are: 

- Glutens maxïnius (red) 

- Dorsal libers of the gluteus médius 
and glutens mmimus (bine) 

- Adductor magnus (green) 

- Piriformis (brown) 

The foUowmg thigh muscles also function os 
extensors vfthe hip: 

- Seniimembranosus (yellow, p, 250) 

- Semitendinosus (orange, p. 250) 

- Long head of ttie biceps femoris 
(violet, p.250) 

Cllnkal npi îf the most important extensor, 
the glutens maximum is put ont ûf action, an ar¬ 
rive standing up from a sitting position ïs itot 
possible, althopgh standing and walking on a 
level plane cari be clone. 

The flexnrs (B) of the hip joint are 

- ïltepsoas (red) 

- Tensor fasciae ktae (orange) 

- Pecti nous (green) 

- Adductor ïongus (brown) 

- Adductor brevts (brown) 

■ Gracilis (brown) 

The foUuwïng thigh muscles are flexors at 
the hip pmt: 

- Reclus femorïs (blue, p.248) 

- Sarîorius (yeltew, p + 248) 


Adduction (D) is produted by 

- Adductor magnus with the adductor 
mini mus (red) 

- Adductor îongus (blue) 

- Adductor brevis (blue) 

Glutens maxïmus with ïts attachmenf 
at the gluteal tuberosity (yellow) 

- Gracilis (orange) 

Pectineus (brown) 

- Quadratus femorïs (violet) 

- Gbturator externus (not Ülustrated) 

Of the thigh muscles, espednlfy mvofvwf 
is the 

- Semites îdiirosus (green) 

The coter of the arrows in the following se 
ries indicates the importance of the 
muscles in the iudividual movements: 

red 

blue 

yellow 

orange 

green 

brown 

violet 


frCt Cllnicat Tipc If ifre îllopsoai is put oui of ac- 
ïten, flexion is no longer possible across the hor¬ 
izontal plane when in the sitting position. 


Abduction (C) ts carried out by 

- Glutens médius (red) 

- Tensor Fasriae latae (blue) 

- Gluteus maximus with ifs artachment 
at the foscia lata (yellow) 

- Glutens minimus (orange) 

- Piriformis (green) 

- Ohturator internus (brown) 




Fu net ion of lhe Bip Muscles and Ad dut ter s of Thigh 247 
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Fonction of muscles 
in bip région (continued) 


D Adduction 


B Flexion 


A Extension 


C Abduction 
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Lower Limb: Musdes. Fasdas, and Spécial Features 


Anterior Thïgh Muscles (A-D) 

The quadriceps femoris consista of four 
parts, of wbich the straight part, the rectus 
femoris, acring on two joints, runs in a 
channel Formed by the other three single 
joint musdes. 

The straight head of the rectus femoris 
muscle (I) arises from the anterior irtferior 
iliac spine {2}, and the reflected head from 
the upper margin of the Socket of the hip 
pint in the supra-acetabular groove. 

The vastus intermedius (3) âmes from the 
amener and laterül surface of the /emur(4). 
tt is easiïy distînguished from the vastus 
lateralis bot js more dififkuit to separate 
From the vastus médial is, 1t eovers rhe ar- 
ficutar musde of the knee. which arises dis¬ 
tal to it and radiâtes into the capsule of the 
knee joint 

The vastus roediaïis (5) crises from the me- 
die/ iïp of the Hnea aspera (S). 

The vastus laieralis (7) crises (8) from the 
latéral surface of the greater trochanter, the 
infertroriianteric line, the gluteal tuberosity, 
and the latéral fip o fihe Hnea aspera 

The four musdes jom to form a tommem 
tendon whtc/i is inserted into the patella (9). 
Distal to the patella. the tendon is con- 
tinued as the patellar %ament (10) and is 
inserted ma? the tibial tuberosity (il), Su- 
perfidal fïbers run a cross the pareil a, whîle 
the deep tendon fïbers insert into ïts upper 
and latéral margins. 

Mainîy fïbers of the vastus medialis and 
few fïbers of the rectos femoris form the 
médial patellar mmacuîum , and fïbers of 
the vastus lateralis and reclus femoris form 
the le terni patelin r rermaadum. Fïbers from 
the iliotibial tract also radiate into the 
latéral patellar retinaculum. The retinacuia 
ex tend distally around the patella to the 
tibial condyles. 


The quadriceps femoris îs the extensor at 
the knee joint. The rectos femoris also 
flexes at the bip joint, The articulai musde 
of the knee protects the capsule of the knee 
joint from being nipped during extension. 
Nerve supply: fémoral nerw (L2 L4). 

H Variants; The part of the rectus femoris 
whith normal ly takes ïts origïn from the upper 
margin of the acetabulum may bc missing. and 
the articular muscle of the knee may also be ab^ 
sent, 

The sartorius (12) crises from the anterior 
superior ifidc spore (13) and ru ns obliqueïy 
over the thigh in 1rs fascial investirent te 
the pes anscrîiws superfldalis (M), by 
which it is ofteefred to the crural fascia (IS) 
and is médial te the tibial tuberosity, The 
sartorius acts on two joints as a flexor at 
the knee joint and, if the knee is fïexed, to- 
gether witb the other musdes of the pes 
anserinus. il functions as médial rotator of 
the ïeg, In addition. it brings about flexion 
at the bip joint. Due to its course it also 
fonctions as a latéral rotator at the hip 
joint. 

Nerve supply: fémoral nerve (L2-L3). 


16 Cran lis 

17 Adductor long us 

18 Adductor brevis 

19 Pec tine us 

20 tlïopsoas 

21 Tensor fasdae tatæ 

22 Cut edge of faseïa lata 

23 Vasto-adductor membrane = antemme- 
dial intermuscular septum -subsatorial 
fa scia 
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Lower Limb; Muscles, Fascias, and Spécial Featuies 



Posterlor Thlgh Muscles (A-D} 

The biceps fcmoris (t) bas a long head and 
a short ïtead The long head (2). which acts 
over two joints, ornes from the ischial 
fuberasÉry (3) in comrnon with the semi™ 
tendinosus (4), The shon head (5), acfing 
only over one Joint originales from the 
middte third of the latéral lip of dre tinea 
aspera (6) and the inférai imermcsattar 
septum. The heads unité to fomt the biceps 
femoris (1), which is inserted into the head 
of tfie fifeuta (7). Between the muscle and 
the fïbular collateral ligament of the knee 
joint is the inferior subtendinous bursa of 
biceps tenions. The long head produces ex¬ 
tension (rétroversion) of the hip joint, The 
biceps fcmoris flexes at the knee joint and 
lateraJIy rotâtes the Hexed leg, It is the oniy 
latéral rotator at the knee joint and thus 
opposes ail the médial rotators. 

Neive supply: long head, tibial nerve (L5- 
S2); short head» comrnon peroneal nerve 
(S1-S2). 

Hi Valants; The short head may be absent: 
there may aïso be addîüunai bond les of muscït? 
libers. 

The semitendinosus (4) crises by a com- 
mon head (see above) /rom the ischial 
tuberosity (3) and runs foword the metficl 
surface of the tibia togetber with the 
gracilis (9) and sartorius (10) to pm the pes 
anserinus superfidûlis (S). There is a large 
tibial intertend mous bursa (atiserine 
bu rsa) between the surface of the tibia and 
the attachaient to the pes anserinus. The 
muscle acts on two joints, being invdved 
in extension at the hip joint, flexion at the 
knee joint and médial rotation of the ieg. 
Nerve suppïy: tibial nerve (L5-S2). 


three parts; the fïrct atns anteriorly to the 
médiat tibial condyie, the second goes into 
thefascia of the popUteus, and the third part 
continues mto the püsftnor walf of the cap¬ 
sule os the oblique popUteal ligament. This 
division into three parts may also be called 
the pesanserimis profundus 
The muscle acts on two joints and bas a 
fonction sïmilar to the semitendinosus, It 
produces extension at the hip joint and 
flexion with the médial rotation ar the 
knee joint Between its tendon (before the 
division) and the media! head of the 
gastrocnemius lies the semimembranosus 
bu rsa» whic h îs sometimes continuons 
with the media! subtendinous bursa of 
gastrocnemius {see p.21G), 

Nerve supply: tibial nerve (L5-S2). 

V Va riants: The muscle may sometimes be ab¬ 
sent or may be compietely iuserî with the seirâ- 
tendinosus. The oblique popïiteal ligament need 
ïïoc always be présent. 

12 Adductor magnus 

13 Adductor longus 

14 Vastus medialis 

15 Vastoadductor membrane « anterome- 
dial intermtiscular septum - subsatorial 
faseïa 


H Variant: VVithin its muscle belly there may 
be an oblique iendinous intersection. 


The semimembranosus (11) crises from 
the ischial tuberosity (3). U isdosely reîated 
to the semi tendinosus. Below the médial 
collateral ligament* ifs tmdon divtdes into 



Posteriû r Th ig h M usdes 2S1 



C Section through 
middfe of thigh 


Plane of sectiofi 


A Pastertor 
thigh musdes 


Ê Pes aoserinus 
supedicialis 


D Diaçrarnof engin, 
courte, and insertion 
of musdes 
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Lower Limb: Musdes, Fascias, and Spécial Featurcs 


Fu nction of the Knee Joint IVItisdes 
IA-OJ 

Only a few muscles art exclus!veîy on the 
knee joint* the majority act also on the 
ankle and subtalar joint. 

We distinguish extension, and flexion 
a round transwrse axes wh tch ruti through 
the fémoral condyies fp. ÎÔ4). Around the 
long axis of the ieg there are the rotary 
movements of médial and latéral rotation. 
Rotation is only possible when the coL- 
latéral ligaments are nol tensed (see 
p.212), Le.* in the extended position active 
rotation is impossible. Passiveïy. in imaxi¬ 
mal extension, there is some latéral rota- 
tkm of the leg on the non-weight-bearing 
side and media! rotation of the thigh of the 
weight“bearïng lïmb of about 5°: the so~ 
called “dosure rotation* possible when the 
joint is "locked* 1 or "screwed home'’ (see 
p. 212). îhis rotation is produœd by the 
anierior cruciate ligament hclped by the 
shape of the médial fémoral condyle and 
the iliobbial tract (p.254). 

Extension (A) is carried out alrnost exdu- 
sively by the quadriceps femoris* wîth the 
tensor fasciae îatae providïng an insignifï- 
tant assistance. The action of the quadri- 
ceps is better when the bip joint is ex- 
tended since then the reclus ferions (red) 
and the vasti muscles (blue) corne into fuli 
action. 

ClEnical Tlps The power of the quadriteps 
femoris exceeds ail othoi ftexors very substan¬ 
tif lly. When this muscle h paralyzed, rïsing from 
the sitting position is not possible. Standing is 
only possible when the line ofgravity of the body 
occufs in front of the transverse axis of move- 
ment. 


Flexion (B) is produced by 

- Semimembranosus (red) 

- Semitendinosus (Mue) 

- Biceps femoris (yeltnw) 

- Gradlis (orange) 

- Sartoii us (green) 

- Popllteus (brown) 

- Gastrocnemius (violet) 

Oinkai Tip: The gastrocnemius has only a 
slight action in flexion* Neverthekss, when there 
is a supracondyïar fracture of the fémoral shàft* il 
pulls the distal fragment dorsaïïy and distal Jy» 

The médial rotators (C) are 

- Semimembranosus (red) 

- Semitendinosus (blue) 

- Gradlis (yeUow) 

- Sanorius (orange) 

- Poplsfeus (green) 

Latéral rotation (O) is carried out by 

- biceps femoris (red) 

The biceps tenions is alrnost the only 
latéral rotator of the thigh and couîiter- 
balances ali muscles acting as médial rota- 
tors. When the leg i s taking no weight* it 
can receîve insignifiant support (at the 
end of rotation) from the tensor fasciae 
latae (not ilïustrated). 

The color of the arrews in the follawing 
sériés indicates the importance of the 
muscles in the îndividual movements. 

red 

blue 

yellow 

orange 

green 

brown 

violet 



Fonction of the Knee joint Musdes 


253 



lower Lîmb 















254 Lower Limb: Muscles, Fasdas, ami Speriaf Fe attires 


îïarly, the graciîis (6) is endosed in its own 
fascial sheath which can he separated from 
the other fasdas. AJJ the thigh muscles 
The muscles of the hip région are investeci haw their own loose. délicate covering; 
by va flous fasdas; for instance the iïio- which enable them to move agains t eacn 

psoas muscle is covered by the itiopsoas other. I ront the faseta lata deep inter- 

fascîa. which begins with die psons /tiscia muscular septa Project laterally and médi¬ 
at the médiat arotate ligament as a sturdy *liy :the direction of the l.nea aspera. The 

fascial tube covering the psoas major and !ü,era! ™ermusai!ar septum (7) is rela- 

continues together with iUucfasàa as far as b ^ly b)oad , and P rm ' ,des , m fûr 

the inguinal ligament lt forms the ilwpec- several muscles. It divides the vastus later 

rimai mch. which séparâtes the muscular f s < 8 > from the short head of the blte P s 

space (see p. 100) from the vascular space. ^mons W - Tbe tatermusaüar sep 

rum (10) sépara tes the va stu s médial ts ( 11 ) 

On the antcrïor surface, beïow the inguinal from £tie ^duetor 

ligament, the pectineus ts endosed in a Qn the anterior surface of the thigh below 

stratig pectineal fascia, which, together the inguinal ligament, in the région of the 

wi th the H tac fasc ia, re présents the tonnée- iliopecbneaï fossa which is covered supe r- 

tive tissue lining of the iliopectineal fessa. fïdally by the fascia lata, there is in the lat- 

The latter îs limttcd pfoximally by the in- ter a porous area otcupied by the crîb- 

guinal ligament, rifnrm fascia. This is pierced by vesseïs 

and nerves. Removai of this loose fasda re- 
Ifie giuteal région contains the délicate veais the saphenous opening ( 13 ), wlwse 

gJutealfascla(l) which covers the gluteus ôterai margïa rhe fakiform nmrgin , or 

maximus and gives rise to septa that pene- Hcys or Bu m’s ligament (14) forms a 

trate cîeepïy berween the individual sharply defïned boiser, The faicifonn mar- 

musde bundles. Between the gîuteus max- extends mediaily with a s uperior (IS) 

imus and the underlyïng glutens médius and an m/erior ( 16 ) hem 
lies the flim strong giuteal aponeurosis t a , 

J (p. 236) from which port ions of the glutens The fémoral canal and fémoral fermas aie 

maximus take origin. In the région of the destri bed on P i1 £ e ^ 

| giuteal sulcus, the superficial giuteal fa scia 
I merges with the fascia lata (2), the fasda of 

the rhigh. 


Fasdas of the Hip and Thigh 
(A-C) 


On the latéral si de of the thigh, the fascia 
lata forms a dense connective tissue iayer 
of parai îel fi bers which becomes weaker 
mediaily. A band of fibers, the iliotibial tract 
(3; pp. 236 and 422) is tonspicuous on the 
latéral side. The gluteus maximus and ten- 
sor fasciae lafae radiale înto this îliotibial 
tract, The iliotibia! tract is several cetitime- 
ters wide and extends distally on the 
latéral side to the latéral tibiai condyle, în 
this région the latéral patellar retinaculum 
is intimately blended with it On the an té¬ 
nor surface of the thigh, rhe sartorius (4) 
possesses its own fascial covering. It over- 
lies the msto-aüductor membrane (5), Sim- 
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Lower Limb; Muscles, Fasdas, and Spécial Features 


Long Muscles of the Leg 
and Foot 

Classification of the Muscles (A-D) 

Ail but one of the mu scies which arise m 
the leg are attached to the boues of the 
font. The only exception is the pophteus, 
which is inserted in the leg and must be 
dassified with the thigh muscles. The 
muscles of the leg can only be classified ac¬ 
cord! ng to their location, prindpally into 
anterior and posterior groups. They are 
separated by the tibia and fibula and the 
interosseous membrane, 

The iwo main groups are divided in tum 
into subgroups or layers. The anterior 
muscle group coosists of the anterior ex 
tensors and the latéral subdivision of the 
peroneal group. Ihe flexors on the poste¬ 
rior side of the teg are subdivided into the 
soperfidal or calf muscles and the deep 
muscles, 

Functionally, the leg muscles can be sub- 
divided into the extensors* Èying on the 
anterior surface and responsable for dor- 
siflexïon of the foot, and the flexors, wltich 
lie posteriorly and produce plantar flexion 
of the foot. 

On the basis of their innervation, however, 
the muscles may be divided into those 
which reçoive nerves ffom the dorsal divi¬ 
sion of the plexus and those which are sup 
plied by the ventral division. 

For practical purposes the muscles of the 
leg, like those of the forearm, are best dis- 
cussed according to their location. 


Anterior Muscles of the Leg 

Extensor Croup (see p, 258} 

- Tibialis anterior (1) 

- Extensor dtgitorum iongus (2) 

- Extensor haliuds Iongus (3) 

Peroneal Croup (see p. 260) 

- Peroneus tongus (4) 

- Peroneus brevis (5) 

Posterior Muscles of the Leg 

Supetftdûi Loyer (see p,262) 

- Triceps surae (6; with Achilîes tendon) 
consisring of 

- Soleus (7) 

- Castrocnemius {8} 

- Plantaris {9} 

Deep loyer (see p,264) 

- Tibialis posterior (10} 

- Flexor haliuds Iongus (11) 

- Flexor digitorum Iongus (12) 

13 Rophteus 

14 Semimembranosus 

15 Sartorius 

16 CFacilis 

17 semitendinosus 

18 Repli féal artery and vein 

19 Tibial nerve 

20 Common peroneal (fibular) nerve 

21 Créât saphenous vein 

22 Smaîl saphenous vein 

23 Saphenous nerve 

24 Superficïal peroneal (fSbuïar) nerve 

25 Deep peroneal (fibular) nerve 

26 Latéral sural cutaneous nerve 

27 Sural nerve 

28 Peroneal (Ftbular) artery 

29 Anterior tibial artejy and vein 

30 Posterior tibial artery and vein 

31 Tibia 

32 Fibula 
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I B 
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D Pîanesof 
thc sections 


B Section throug h 
middle thirdof leg 




A Section through 
proximal t hlrd of leg 


15 

31 
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C Section through 
Æstal thirdofleg 
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Anterlor Leg Muscles 
Extensor Croup {A-C) 

The tibialis anterlor (t) mises from a mde 
area (2) of the latéral surface ofthe tibia, the 
mterosseous membrane, and the mirai/as- 
cia. Ils three-sïded belty ends in a tendon 
whîchextends beneath the superior exten- 
sor retinaculum (3) and the inferîor exten 
S0f rerinaadum (4) surrounded by a syn¬ 
ovial sheath. if is imerted in the planter 
surface of the médial otneÿbrm bone (5) 
and the first memarsal (6), The subten- 
dinous bursa of the ttbialts animer lies be- 
tween its tendon and the media! tuneiform 
bone. 

When the leg is not bearing any weight. 
the tibialis anterior flexes the foot dorsally 
and at the same time lifts the médial edge 
of the foor (supination). When the leg is 
wdghted, it approxi mates the leg to the 
back of the foot as, for example* in rapid 
walking, or in skitng. A süght participation 
in pronation lias aïso been described. 
Norve suppty: deep peroneal (fibular) 
nerve (L4-L5). 

Mi CUnical Tlp: Under great stress the tibialis 
anterîor may become fatigued resufong in pain 
aîong the muscle. 

The extensor digitorum longus {7} mises 
/rom a large area (S), namely from the 
faterûf condyfe of the tibia, the head and 
ûnterfor crest of the fibule, the deep fescie of 
the leg, and the mterosseous membrane . In 
the région of the ankle the tendon in which 
the musde ends is divided into foor parts 
and exrends to rhe second-Tift h diglts. 

These tendons are endosed in a common 
synovial sbeath and mu under the superior 
extensor retinaculum (3) and the inferior 
extensor retinaculum (4), latéral to the ten- 
don of the tibialis anterior; they extend 
over the dorsum of rhe foot Info the dorsal 
apüneuroses ofthe sccond-fifth âigits, 

ïn the non-wetght-bearing leg, the musde 
produces dorsiflexion of the digits and the 


foot. In the weight-bearing leg its fonction 
is the same as that of the tibialis anterior 
îsterve supply: deep peroneaî (frbular) 
nerve (L5-S1 ), 

Mi Variants: The extensor digitorum longus 
may hâve an additîonal tendon whkh extends to 
the base of t he fifth metatarsal and sometimes 
aïso to the base of the fourth metatarsal. This ad¬ 
ditions! tendon is talled the peroneus tertlus (9), 
and as pan of the extensor digitorum longus if 
may hâve a se patate origtn from the distal third 
of the anterior edge of the fibula. It æts as a pro 
nator and abducior of the subtalar and ralocal- 
caneonavkuîar joints, 

The extensor hallucis longus (10) anses 
fwm the metffof surf me of the fibule and the 
interosseotts membrane (It). It continues as 
a tendon which runs in its own synovial 
s beat h be tween the sheath for the tendon 
of the tibialis anterior and that for the ex¬ 
tensor digitorum fongus beneath the supe- 
rior extensor retinaculum (3) and inferior 
extensor rerinaculum (4), lt reaches across 
the First metatarsal to the dorsal aponeLi ro¬ 
sis of the gréât digit and is iriser ted info the 
terminal phalrnx (12), The extensor hah 
lucis longus flexes the great toe dorsaliy 
and ïn the unstressed leg it aids dorsiflex- 
îon of the foot. In the weight-bearing leg its 
fonction resembles that ofthe tibia Ns ante¬ 
rior* sinte it brings the leg nearer to the 
dorstim of the foot. To a stria II extern it also 
aids in pronation and supination of the 
foot. 

Nerve sopply: deep peroneal (fîbular) 
nerve (L4-S1 ). 

H Variants: An indépendant muscle or tendon 
bundîe can ffequentïy be spïït olT ami attach it- 
self to tîie First metatarsal or in tbe région of the 
metatarsophalangea! joint as the extensor hallticis 
acce&surius ( 13) This muscle is fouod prîmarily at 
the médial side of the mai n tendon. 


14 Tibia 

15 Fibula 
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260 Lower Llmb: Muscles. Fasdas, and Spécial Features 


Anterïor Leg Muscles, continued 

Peroneal Croup (A-D) 

The peroneal muscles act as plantai flex- 
ors, a fonction they attaioed onîy second 
arily. 6m to their displacement behind the 
latéral malïeûfos. Griginalïy they lay in 
front of the tnalleolus. as tan sftll be seen 
in predators. 

The peroneus krngus (1) anses (2) from the 
capsule of the übiofibular joint the head of 
the fibuta , and the prevtt'maf région of the 
fibuta. 

It ends in a long tendon whïch runs behind 
the latéral malledus which passes in the 
maîleolar groove behind the latéral male- 
oins in a common synovial s beat h wjth the 
tendon of the peroneus brevis (S) under- 
neath the supertûr peroneal rerinacufom 
(4), The tendon of rhe peroneus iongus ex- 
tends distaüy from the peroneal trochlea of 
the caltaneus in an evagination of theconv 
mon synovial s beat h (fixed l>y the inferîor 
peroneat retinacutum |5j>. ocross the ptan- 
tar surface to the rofeerosity of the fmt 
metatarsal (6) and the médiat cuneiform 
bane (7), Its tendon reaches the site of in¬ 
sertion by coursing through rite tendon 
groove of the cuboid {8} in a spécial fi brous 
canal, which runs from the latéral side be¬ 
hind the tuberosîty of the fifthi metatarsal 
obliquely to the media! rnargin of the foot. 
Within this canal on the sole of the foot. 
another synovial sheath encloses the ten¬ 
don. 

Due to this course its fonction is similar to 
that of a bow string (ifrurcmer} and it braces 
the transverse arch of the foot. It depresses 
the mediaf edge of the foot and. together 
with the peroneus brevts. it is the strongest 
pronator. It also aids plantar flexion. 

Nerve supply: superfïeïal peroneal (fïbnlar) 
nerve (L5—SI ). 


The peroneus brevis (3) crises frem the 
Inférai surface of lhe /ïhuto (9). Its tendon, 
together with that of the peroneus longtas. 
runs in a synovial sheath in the groove for 
the tendon of the peroneus longus. 
be neath the superior peroneal retinatulum 
(4). On the latéral surface of the calcaneus, 
the tendon becomes fixed proximally. i.e.. 
above the peroneal trochîea of the cah 
caneus. by the inferior peroneal re- 
tinaculum (5) where an évagination of the 
common synovial sheath sur rounds the 
tendon. This fs affadied to the tuberosity of 
the 5tb metatorsul (lü) T The muscle acts 
îike the peroneus longns. 

Nerve supply: superfidal peroneal ffibular) 
nerve (LS 51}. 

Si variants: The peroneus quattus is sddnm 
présent It ari$e$ from the fibitta and is attacher! 
to the latéral surface ûf the ealcaneus or to the 
«tboid. ît is dosely associated with the tendons 
of the extensnr digiterum longue It may also 
send a small tendon te the fïfrb digit. 


11 Tibia 

12 Fibula 

13 Soleus 

14 Castrocnemius 

15 ïnterosseous membrane 
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Lower Limb: Muscles, Fasdas. and Spécial fe atones 


Posterlor Leg Muscles 

Superfldal Layer (A-D) 

The superficiel layer of muscles is formed 
by the triceps surae, consi sting of the 
soleus (1} and the gastrocnemïus (2) wïth its 
médial and latéral head. The pion taris (3) is 
also part of the superficiel layer of muscles, 

The soletts orises ,/rom the head ûnâ upper 
third of the dorsal surface of the fibules (4), 
from the Une of rhe soîeus musde on the 
fifeicr (S) T and from the tend mous ardt l?e- 
tween rhe head of the fibuïa and the tibia, 
Le., the femttnous ardi üf so leus whïch lies 
dïsrai ro the poplitetis (6). The large termi- 
nal tendon of the muscle joins the terminal 
tendon of fhe gastroenemius and rs in- 
serted into the tuber calcanei (8) os the cal- 
etmen/ tendon {“Achilles tendon"; 7). he- 
tween the proximal surface of the tuber 
calcanei and this tendon lies the butsa of 
the calcaneaî tendon, 

The gastrocnemïus (2) anses proxirnaJfy to 
the médial fémoral condyle (tO) wïth a me¬ 
dia! head (9) and wïth a latéral head (11) 
protxintflf to the latéral fémoral condyle (12). 
Some of the ftbers from both heads also 
arise from the capsule of the knoe joint. 
The two heads run distalward, formîng the 
inferior borders of the popîiteaî fossa, and 
join rhe tendon of the soïeus; they are in- 
serted into fhe tuber ta/canei (8), 


The triceps surae issïmply the plantar 
flexor par excellence. Ltcan lift the weight 
of the body both in standing and walkïng. 
Its strength ts most ol^vious in ballet danc¬ 
ing, which reçu ires maximal plantar flex¬ 
ion. Full acîivity of the triceps surae is only 
possible wïth the knee extended, because 
when the knee is berat* the gastnoenemius 
ts already shortened. Therefore, the 
gastroenemius is particularly important in 
walkïng as it is involved not only in lifting 
the ïteel but also in Ûexïng the knee joint 
In this mowmem it reçoives some assis¬ 
tance from the plantarïs* 

The triceps surae is also considered to be 
the strongest supinator in the subtalar and 
talocalcarteonavtcular joints. 

* 5 » CHnkaE Tlp; RtEpfcw of the calcaneal tendon 
mayoccurafter short stress, The nrost vulnérable 
penple are those who are athleticalîy uncondi 
tïoned and suddenfy put stress on the ten¬ 
don witfiout any preliminary training. However, 
there is usually also a past history of tendon in¬ 
jury. 


13 Fl exor digitorum longus 

14 Flexor haïluds longus 

15 Tibial is postenor 

16 loterosseous membrane 

17 Tibia 

18 Ftbuïa 


The piantaris (3) is a slight, délicate 
muscle with a very long terminal tendon. Jfî 
crises m the région of the latéral head of 
the gastroenemius proximofly to the latéral 
fémoral condyle and from the capsule of the 
knee joint. Its tendon runs distaily between 
the gastroenemius and soleus and is 
embedded in the médial edge of the cal - 
ctmeûf tendon. 

Merve snpply: the tibial nerve (51-S2) sup¬ 
plies ail the muscles. 

Mi Variant: The plantais may be absent in 
5-10% of cases. 
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ofpostcrioi leg muscles: B Soleus 

triceps surae musde (gastroaiemtüs removed) 
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Lower Limb: Musdes» Fasdas, and Spécial Features 


Posterior Ug Muscles, continu ed 
Deep Layer (A-EJ 

Thetibialis posterior {t} avises from the in- 
terosseou s membrane £2) and the adjcûiï'ng 
surfaces oj the fifeia (3) cïnd fibuîa £4). The 
tendon £5) runs downward in the malleolar 
groove behirad the mediaJ malleolus £fi) in 
a synovial sheath between the susten¬ 
ta eu lu tn taïi and the tuberosity of the 
raavicular bone and reaches the soie of the 
font, it divide s iuro two parts, The thicker, 
médial part (7) ts attached ta the tuberosity 
of the fîüviatfeïr ho ne, whi/e the latéral, 
somewhat tveaker part (8) is inserfed mfo 
the three cuneîfarm bones , In the raon- 
weight-bearmg leg the tibial ts posterior 
pnoduces plaraiar flexion and simultaneous 
supination. Ira the weight-bearing leg it ap- 
proxi mates the heel to the calf of the leg. 
Nerve supply: tibial raerve (14-L5), 

WÊi Variants: The insertion of the muscle oQen 
extends also to the base of rhe second, rhird, and 
fouith metatursaïs and the eufooid bone, Oxa- 
sîonally the musde is absent. 

The flexor hallucis iongus (9) anses from 
the distal vwo-thirâs of the posterior surface 
of the fibuîa (10). the interosseous mem¬ 
brane (11) and the posterior crural inter- 
rrmsrufar septum (12), its relatively thiek 
muscle belly extends a long way distal - 
ward and then is transformée! into its ten¬ 
don, whïeh lies in the groove for the ten¬ 
don of the flexor haltuds Iongus in the 
talus and calcaraeus. where it is invested by 
a synovial sheath. It extends beneath the 
flexor retmaeuium (13) to the sole of the 
foot where it inserfed Inf o the base of the 
terminal phaîanx of the fim digit (14). Dis¬ 
tal to the sustentaculum tali it is cmssed 
superfidally by the tendon of the flexor 
digitorum Iongus* The flexor digitorum 
Iongus opposes development of a pes 
planovaigus by supports ng the arch of the 
foot, It prod uces plantai flexion of the fîrst 
digit and ira some cases aïso of the others. It 
assists in supination. 

Nervesupply: tibial raerve (S1-S3). 


W Variants: !t may also give off terminal ten¬ 
dons to the second and tbird dîgits. 

The flexor digitorum iongus (15) anses 
from the posterior surface of the tibia (16), 
and its tendon (17) runs Ira a synovial 
sheath beneatïi the flexor rehnacuîtim £13) 
to the soîe of the foot. in the leg it posteri- 
oriy crosses the tibiaîis posterior and on 
the sole of the foot it superfïrially crosses 
the tendon of the flexor hallucis Iongus. Ira 
the sole of tire foot the tendon dïvïdes into 
four terminai tendons whidh extend to the 
terminai phafapges £18) of the latéral four 
digits* Distal to this division, the quadratus 
plantae radiâtes into it (see p.274). In the 
région of the middle phalanges its terminal 
tendons pénétra te the tendons of the flexor 
digitorum brevis* In the non-weight-bear- 
ïng leg it plantar flexes the digits and then 
the foot II also acts as a supinator. In tlve 
weight-bearing ïimb it assists in the sup¬ 
port of the plantar arch. 

Nerve supply: tibial nerve(S1~S3). 

The popiiteus £19; see also p.232) rarises 
from the latéral fémoral épicondyle (20), /f 
inserts on the posterior tibial surface (21 ). 
Between the muscle and the knee joint lies 
the subpopliteaî recess, which is always 
connected with the joint The popîiteus 
flexes the knee joint and medially rotâtes 
the ïeg. 

Nerve supply: tibial raerve (L4-S1 ). 

22 Gastrocnemius 

23 Soleus 

24 Plarataris 


Figure A: Arrow: is in the canal formed by 
the tendinous arch of the soleus muscle 
which aïlows the passage of the tibial 
nerve and the posterior tibial vesseïs. 

Ira Figure i the flexor digitorum muscle and 
parts of the origin of the soleus muscle 
hâve beera removed. 
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266 Ldwer Umb: Muscles, Fa scia s, and Spécial h ea tu res 


Funotion of the Ankle. Subtalar and 
Tàlocalcaneonavkular Joint Muscles 
JA-D) 

Ail the muscles ac! on seveial joints. but 
only their actions on the tafocrural, sub- 
tâter, and ta lotaitaneonavjcuïar joints will 
be described. 

Dorsi flexion (extension) and plantar flex- 
ion (flexion) occur around the trausverse 
axis of the talocrural (ankle) joint (see 
p. 222\ whieh runs through the tip of the 
media! maïleolusand the latéral malleolus. 

Pro nation, or eversion (élévation of the 
latéral margin of the foot). and supination, 
or inversion (élévation of the médial mar- 
gin of the foot), occur around the oblique 
axis of the subtalar joint The axis ru ns up- 
wards extendtng outward from the haek 
and below and inward toward the front. 


The triceps su me is the most important 
muscle in piantar flexion, whereas the re¬ 
mai ning muscles con tribu te oniy a very 
slight action. 

Pronation (C) is protluced by 

- Peroneus longus (red) 

- Peroneus brevis(biue) 

- Extensordigitorum longus{yelîow) 

- Peroneus tertius (orange) 

Supination (D) is brought about by 

- Triceps surae(red) 

-■ Tibia lis posterior (bïue) 

- Fiexor halluds longus (yeîlow) 

- Fiexor digitorum longus (orange) 

- Tîbialïsanterîorfgreen) 


The coïors of the arrows show the order of 
importance of the muscles in each move- 
ment: 



Dorsïflexion (A) is produced by 

- Tibia Us anterîor (red) 

- Extensor digitorum longus (blue) 

- Extensor haliueis longus (yellow) 

Piantar flexion (B) is carried ont by 

- Triceps surae (red) 

- Peroneus longus (blue) 

- Peroneus brevis (yellow) 

- Fiexor digitorum longus (green) 

- Tibialis posterior (brown) 


red 

blue 

yellow 

orange 

green 

brown 



Fonction of the Subtabr mû Talocakaneonavkular Joint Muscles 
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268 Lower Limb: Musc tes. Fasdas, and Spécial Features 


Intrinsic Muscles of the Fooi 

As in the hand, only the tendons of the ex¬ 
tri nsic musdes of the foot extend into the 
foot; the muscle bel lies of thèse tendons lie 
in the leg In addition to these tendons 
there are the intrinsic muscles of the foot, 
which lie either on the dorsum or the sole 
of the foot. Apart from this topographical 
classification, the intrinsic musdes may be 
dassified accord ing to their innervation, 
the musdes of rhe dorsuro of the foot being 
innervated by the dorsal division of the 
plexus and those of the sole of the foot by 
the ventral division. Uke the musdes of the 
hand, the muscles of the sole of the foot 
may be divided into three groups; those of 
the middle piantar eminence and those 
which lorm the médial piantar eminence. 


The extensor haï lue j s brevis (3), which ex- 
fends info the dorsol oponeurosis of the first 
digiti splits off from the extensor digj forum 
femvis, wifh which if has a common origin 
from the mîmneus. Uke the tatfer muscle it 
serves to dorsifiex the first digit 
Nerve supply: deep pemneal (fibular) 
nerve (SI —S2). 

10 ïibialfs anterior 
It Peroneus tertïus 



Musdes of the Dorsum of the Foot 

(A-q 

The tendons of the extemor dtgttorum 
longes (1; see p,258) and the extensor 
hallucu loogus (2; see p. 2 SB) fie superfi- 
cial to the intrinsic muscles of the dorsum 
of the foot They aie heîd in position by the 
superior extensor retimcuîum (3: see 
p. 276) and the ittferior exfensor neti- 
naculom £4; see p. 276). The tendons of the 
long extensors form the dorsal apoiieurosis 
of the toes înto which the short extensors 
of the digits and the pfcmmr and dorsnf 
inmossef aiso radia te (S: see p. 274). 

Nerve supply; deep péroné al nerve {L5-S1/ 


The extensor digitorum brevis (6) anses 
/mm the mkûneus (?), near the entrante to 
the tarsal sinus, and from one side of the m- 
ferior extensor retmaculum (4). It extends 
with three tendons to the dorsal aponeuro 
sis £8) of the second tofourth digits. ït is re¬ 
sponsable fordorsiflexion of these digits. 
Nerve suppïy: deep peroneal (fibular) 
nerve (SI-52). 


JB Variants: Individuaî rendons may be absent. 
The tendon for the fifth tue b only occaskmaîly 
présent. 
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Lower Limb: Muscles, Fascias, and Spécial Features 


Muscles of the Sole of the Foot 
{A-Q 

Three musdes groups may be distin- 
guished in the sole of the foot—the muscles 
in the régions of 

- The big digit 
Tbelittle digit 

- The middle région 

The abductor halîuds and the ffexor hal- 
lucis brevis betong to the région of the big 
digit In a wider sense it aiso includes the 
adduttor haliucis, which original ly formed 
a separate system. 

The abductor dîgiti mmimi, the flexor digiti 
minimi brevis, and opponens digiti mînimi 
belong to the région of the iittle digit. 

The middle muscle group consists of the 
lumbricales, quadrarus pîantae, interossei. 
and flexor digitoram brevis. 

Ail the muscles of the sole of the foot are 
covered by the dense and strong plantar 
aponeurosis (1), whîch is derived from rhe 
superfkiai fastia. The plantar aponeurosis 
consista of longitudinal fiber bundles (2), 
whîch anse from the tuber calcanei and 
radiale into the digils. Transverse fascïcles 
(T) interconnect these longitudinal h ber 
bundies. On the médial and tarerai borders 
of the foot the plantar aponeurosis merges 
into the ïhin dorsal fascia of the foot Two 
tough septa extend deepïy from the sur¬ 
faces as the rrtcdiaJ and latéral plamar septa 
(4). The former is attached to the first 
metatarsaL the médial CuneiForm bone. 
and the navicular, and the latterto the fifth 
metatarsal and the long plantar ligament, 

The three connective tissue spaces formed 
by these septa and the plantar aponeurosis 
each contain the three muscle groups re- 
ferred to above, and fatty tissue, These 
cushions, formed by the muscles and fat, 
transmit the weigbt of the body to the un- 
derlying substrate. The plantar aponeurosis* 
septa, muscles, jhtty tissues, and s kdeton of 
the foot form a functiomi entify. Thus> the 
plantar aponeurosis makes an important 


contribution to maintenance of the longi¬ 
tudinal arch (see p. 226), In addition, the 
plantar aponeurosis acts to protect the ves- 
sels and nerves against: damage from pres¬ 
sure. 

Muscles of the BJg Digit 

The abductor h ahuris (5) anses from the 
médial process of the tuber calcanei (6). 
from the flexor retînaeuhitn, and from the 
pbntar aponeurosis (7), les engin makes a 
tendon arch beneath which the tendons of 
the long flexors of the digits rnn in the tar- 
sal canal. The muscle is inserted into the mé¬ 
dial sesamoid bone (8) and the base of the 
proximal phaianx (è). There is usually a 
synovial bursa between its tendon of inser¬ 
tion and the metatarsophaiangeaî joint; It 
acts as an abductor and a weak flexor and 
helps to maintain the arch of the foot 
Nerve supply: médial plamar nerve (L5- 
$ 1 ). 

The flexor haï lucis brevis (10) crises from 
the médial cuneiform bone (11) T rhe long 
plantar ligament ; and the tendon of the lib- 
ialis posfeiior. It has two hearis; the médial 
head (12) is combined with the abductor 
hailucis and extends to the médial sesamoid 
bone (13) and rhe proximal phaianx (14), 
whiïe the latéral head (15) joins the adduc¬ 
tor halïucis and is inserted into rhe latéral 
sesamoid boue (16) and the proximal 
phaianx (17), It is an important plantar 
flexor and is needed partieularly in ballet 
dancing, 

Nerve supply: medtai plamar nerve (L5~ 
51 ). 




Intri nsie Muscles of the Foot 271 



C Dtagiamoforigin p 
course, and insertion 
of musdes 


B Musdes in région ofbigdigit: 
abductor ha Huas and flexor 
hallucis biovis 


Lowerümb 




















272 


tower Limb: Muscles, Hisdas, ami Spécial Features 


Muscles of the Sole of the Foot 


Muscles of the Big Digit, contfnued 



The ndductor ftalltttis (1) has two hearis, Il 

cnly licornes visible after the flexor dlgi- 
torym longus and the flexor digitorum 
brevts (2) hâve been removed (A). The 
strong oblique head (3) anses from the 
oubotd (4) and tarerai cuneiform (S) frones. 
end from the bases o/ rfie second and fbird 
metatarsals (6)i Gther surfaces of origin 
may înclude the taurth metatarsai, the 
plantar calcaneocuboidal ligament, the 
long plantar ligament (7), and the plantar 
tendinous shearh (8) of the peroneus Ion- 
gus, The transverse head (9) crises from the 
capsulai ligaments of the métatarse- 
phatongeoi joints of the thtré-fifth digits 
(16) and also from the deep transverse 
metatarsai ligament. Both heads ûre taserfed 
Info the latéral sesamoid batte (11 ) of the big 
digit The musde acts especially as a tensor 
of the plantar arches, In addition it adducts 
the big digit and may then plantar flex the 
proximal phalanx. 

Nerve supply: deep brandi of the latéral 
pïantar nerve (Si ~S2). 


ï ntrinsk M usdes of the Littfc Digit 
(A-C) 

The opponens dtgili minimi (12) anses 
from the long pianlar ligament (7) and from 
the plantar tendinous shearh of peroneus 
tanças (11). U is Énsertad Info the fifth 
metatarsai (14), Its funcîions are to plantar 
flex the fifth metatarsai and to support the 
pïantar a reh. It is qui te often absent 
Nerve supply: latéral plantar nerve (SI- 
$2} t 


The flexor digiti minimi (15) crises from 
the base of the fifth metatarsai (16). jfom 
the long planter ligament (7), and from the 
plantar tendînous sheath of peroneus Ion - 
gus. tt extends to the base of the proximal 
phalanx (17) of the fifth digit and usufilly 
marges wirh the abductor digiti minimi. It 
acts as a plantar flexor of the little toe. 


Nerve supply; latéral plantar nerve (SI— 
S2). 

The abductor digiti minimi (18) is the 
largest and longest of the muscles of the 
little digit In the main it actualïy ferms the 
latéral maigin of tlie foot. U anses from the 
tarerai process of the I liber cefeanei (19). 
from the tower surface of the cakaneus (20), 
the hiberosity of the fifth mefûfcrsnl (21) 
and the pkmtar aponeurosis and extends to 
the proximal phalanx (22) of the fifth digit 
Uke the other muscles it supports the arch 
of the foot In addition it plantar fieras the 
fifth digit and, to a small extent it acts also 
as an abductor. 

Nerve suppïy; latéral plantar nerve (SI- 
S 2). 


23 Quadralus piantae 
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274 ifnArer Lîmb: Muscles, Fascias, and Spécial Features 


i 

i 


Muscles of the Sole of the Font, 
continuée! 

ïntrînsk Musdes in the tenter 
of the Soie of the Foot (A-Q 

The four lumbric a les {t ) anse from the mé¬ 
dial surfaces of the i ndtvidual tendom (2) o/ 
the fiexor digitorum longue. They extend to 
the media! margirt of the proximal 
phalange s of the second frifth digits end 
mdiaie Info the extensor (dorsal) aponeiiro 
sis , The muscles are involved in plantar 
flexion and movemenfs of the four ïaterai 
digits toward the big digit They also help 
to reinforce the plantar arch, 

Nerve sitppiy: médial plantar nerve to the 
First, second, and Ihird lumbricales, and 
latéral plantar nerve to the fourth lumbri- 
calis (LS-S2). 

H Variants: Ira ŒTïtrast to the lumbricales of 
the handL those of the fbot are quite variable. 
They may be absent or there u^ay be more than 
four They are inserted on the articulai capsules 
of the metatarsophalangeal joints as wç|| as to 
the proximal phalanges. 

The qiradratus plant ae (3) is also known as 
the plantar head of the fiexor digitorum 
longus (fiexor accessorius). Jt anses with 
two slips from the médial and latéral mar¬ 
ins of the plamar surface of the cakaneus 
and projects Info the latéral margin of the 
tendon [4) of the fiexor digitorum lorçgvs. 
Nerve supply: latéral plantar nerve (SI- 
$ 2 ). 

fÊÊ Variants.: U may exiend into the comvnon 
tendon of the fiexor digitorum iongus oi into the 
four divisions of this tendon, in whîch case ît 
only extends to the two latéral tendons. 

The interossei may be divided into plantar 
(5; blue) and dorsal (6: red) parts. They are 
arranged with respect to the second digit 
as lhe longitudinal axis of the foot. 

The three plamar interossei each anse by a 
single head from the médiat sida of the third 
to ftfth metatürsals (7) and may receive ad- 
ditional fïbers from the long plan far lige 


ment. They extern to the médial side of the 
base of the proximal phalanx of the third to 
fifth digits (S). 

The four dorsal mlerossei arise by two heads 
from the opposing surfaces of aü the 
metatûrsals (S) and from the long plamar 
ffgamenf. They are attachée! ta the bases of 
the proximal phalanges of the second to 
fourth digits (16). 

The plantar interossei aeî as adductors and 
pull the third, fourth, and fifth digits 
toward the second digit. The dorsal ïiiter- 
ossei are abdutters. The first and second 
are inserted into the proximal phalanx of 
the second digit and the third and Fourth 
are inserted into the proximal phalanx of 
the third and fourth digits. 

In contrast to the intéressé i of the hartdl 
they usualïy do not reach lhe extensor 
aponeuiosis. ïn addition to their fonctions 
as abductor and adductor, they work to- 
getlier as plantar flexors at the metatarso- 
phalangeal joints. 

Nerve suppîy: deep branch of the latéral 
plantar nerve (SI—S2). 

The fiexor digitorum brevis (11) anses 
from tfîe tmdersar/ace of the tuber çatcanei 
and from the proximai part of the plantar 
aponeurosis, /fs tendons, whkh are inserwd 
into the middle phalanx of the second to 
fourth digits, are divided necrr their termmf 
(12). The tendons of the fiexor digitorum 
longus (2) run betvveen these divided ten¬ 
dons. Thus, the fiexor digitorum brevis is 
also ta lied the perforât us. In this région the 
tendons together with the tendons of the 
fiexor digitorum iongus are surrounded by 
a tendinous sheatb. This musde plantar 
flexes the middle phalanges. 

Nerve supply: médial plantar nerve (L5- 
SI), 

■i Variants: lhe tendon to the fïfth digit (lîttle 
toe) \s oflen absent. In some cases the en rire 
muscle may be absenL 
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276 Lower Lïmb: Muscles, Fascias. and Spécial Feat tires 



Fascias of the Le g and the Foot 
(A~D) 

The superficiai Fascia of the k% the crural 
fasda (1 ) p is the continuation of the fascia 
lata and its spécial popliteal fa scia. Il en¬ 
closes the superfteiai muscle layers of the 
leg. Strengfhenmg fibers are interwoven 
into the crural fascia and delineate certain 
particular featurcs. Th us over the exten 
sors in the distal anterior part of the ieg 
there are transverse strengthening libers, 
forming the superiür extensor retîrmcuîum 
(2), and in the ta rsa! région on the dorsum 
of the foot as the inferior extensor re- 
tmaçulum (3\ which are visible due to re¬ 
in forcing libers within the fascia, The red- 
nacula can be démonstrated wîth cane in 
the fascia. 

On the latéral side there is an intermuscu- 
lar sepïum. both in front of and behïnd the 
peroneal muscles, which ex tends from the 
crural fascia deeply to the fi bu la. These are 
the anterior (4) and posterior (S) imer- 
muscutor septa of kg: At the distal end, in 
the légion of the latéral malicolus, strung 
liber tracts are woven into the fascia, and 
font! the supenor and inferior perrneal re~ 
tinon/to (6). Both can onïy be demon- 
strated by dissection. 

The fascia over the dorsal crural muscles is 
thin, It is ouly strengtiiened distaîly, so thaï 
between the media! maîfeoius and the cat- 
caneus there is a dense fibrous structure, 
the ftexor r etimeuium (7), the superficiai 
Iayer of which serves as the boundary of 
the tendons of the deep muscles of the 
tibia. 


groups in the leg are separated in this way 
by these connective tïssue layeis and the 
interosseous membrane. 

On the dorsum of the foot, the superficiai 
dorsal fascia of foot (9) lies d istal to the in- 
ferior extensor refmacuium {3). It is veiy 
délicate and thin. it forms the immédiate 
continuation of the crural là scia and ex- 
tends d istal waid into the extensor 
aponeurosis of the digits. loferally it is at- 
tached to the sides of the foot. Proxi mai ly, 
at the attachments of the superior extensor 
retinacuium. it forms the cross-shaped 
inferior extensor rerincfcuftim, which, 
however, can be démons! rated only by 
carefui dissection, and in which laterally 
the proximal crus is often absent. In this 
case these teinfoiring fibci bond les within 
the fascia appear Yshaped Deep to the 
tendons of the extensor digïtorum kmgus 
ïs a connective tissue iayer, tïie deep dorsal 
fasda of foot, which is dense and llght and 
*s also attached to the bordera of the foot. 


The musculature of the caïf may be divided 
into a superficiai and a deep iayer of 
muscles. Between the tw r o groups lies the 
deep fascia of leg (8), which arises proxi¬ 
mal to the fendinous çrdi of ffie sokus. Part 
of the sole us a!so arises from it, At the dis¬ 
tal end it tias thicker libers, and these torm 
the deep loyer of the flexor retimculum on 
the médiat side T and on the latéral sïde 
they cono ibu te to the supertor peronetd 
refinocidrm The four different muscle 
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Tendinous Sheaths in the Font 
(A-C) 

As in the région of the h And. different teït- 
dinous sheaths are distinguished in lhe 
foot. 

On the dorsum of the font, tendinous sheaths 
are found for the tendons of 

- Tibiaïîs anterior (1 ) 

- Extensor haliucis longus (2) 

- Extensor digitorum longus (3) 

- Peroneus tertius (when présent) 

The tendons or tendinous sheaths in this 
area are held in position by the superior (4) 
and injerior (S) extetisor retinacula. On the 
latéral side of the tarsaJs in the région of 
the peroneal tnxhlea of the cal cane us ïs 
fourni the œmmün peronecl tendinous 
sheath of the peroncifs (6). The tendon of 
the peroneus longus (7) leaves this com- 
mon synovial sheath and continues across 
the plantar région within ïts own sheath, 
the pJtmfor tendinous sheath of the pero- 
nens îùngus. The common tendon sheath 
for the peroneai muscles is fixed in posi¬ 
tion latéral ty by the superior (8) and infe¬ 
rior (S) peroneuf retmaçuln 

The flexor tendons lie on the media! sïde of 
the font directlv behind the médial malle- 
oïus. Their tendinous sheaths course below 
the flexor retimculum of the foot which 
comprises a super/ïdaf füyer (I©) of rein 
foroed crural fascia, and a deep ktyer (11), 
Below this deep ïayer pass three tendons 
each of which is endosed within its own 
synovial sheath, those of the tibia lis poste- 
rior (tendinous sheath of tibia lis posterior. 
12). flexor digitorum longus (tendinous 
sheath of flexor digitorum longus, 13), and 
flexor halïuds longus (tendmous sheath of 
flexor halïueis longus, 14) musclesfsee also 
p. 436). 


On the plantar aspect of the foot are Found 
ftve tendon sheaths correspond ing to the in- 
dividual roes (15). As a rule, these synovial 
sheaths do not communicate vvîth each 
other and are strenglhened by stout fibrmis 
sheaths (16), each of which consists of an 
anuïar and cruciform part The tirndor part 
(17) consiste of circuïar bond les of fibers 
and are located iû lhe région of a joint. The 
cruciform pnrt (18) is found between the 
joints and is composed of decussating con¬ 
nective tissue fibers. Jn contrast !o the 
band, no tendon sheaths are found in the 
mirfdle compartment of the plantar surface 
of the Foot. Only the two pFeviously men- 
tioned tendon sheaths, that for the flexor 
hallucis longus (14) and that for the flexor 
digitorum longus (13) T extend into the 
metatarsal région. 
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Skull (A* B) 

The bony part of the head, the skull or 
cranium, forms lhe upper end of the irtink, 
ït acts as the box for the brain and the 
sertse organs. fcrms the substructure of the 
face, and also contai ns the initial portions 
of the gastroin test mal and rcspiratory 
tracts. The variety of ils tasks détermines 
the différentiation in lhe construction of 
the skull. 

Subdivision of the Skull 

The skull consisls of two parts: 

- The nettrocranium, the brain box 

- The visceroeraniunv the facial s ke le ton 

The boundary between the two lies in the 
région of the root of the no se and ex tends 
along the upper margin of the orbits to the 
external auditory meatus. 

The shape of the skull is partly determined 
by the muscles, which may produce certain 
changes due to their furetions, and in part 
by the contents of the skull. Th us, there is a 
corrélation between the neurocraniiim and 
the brain contained within ît The in¬ 
fluence hene is recipiocal, as excessive ex¬ 
pansion of the brain may produce émarge ¬ 
ment of the néuroeranium, e.g_. as in hy¬ 
drocep ha lus (see p310). On the other 
ha ntl, prématuré cessation of neurocranial 
grawth may resuit in malformation of the 
brain. There is not only a recipnocal effect 
within the neurocranium but also a close 
relationship to the facial skeleton. Thus the 
development of the muscles and of the 
supporîing System of the dura mater 
within the skull capsule are also imerre- 
lated. 

Ossification of the Skull 

Fondarnentaily there are two devetopmen- 
tal processes in the skull, disttnguishable 
by the type of boue formation. One is the 
chondrocranium and the other the 
desmocranium. In the chondrocranium 
there is replacement bone formation, 
while in the desmocranium the individual 


bones develop as membranous bones 
dinectly from condensations in the connec¬ 
tive (issue, Both types of development 
occur in the two functional parts (the neu¬ 
rocranium and viscerocranium). However, 
portions of either desmal or chondral 
origtn may fuse togethei to form a single 
bone, as. for example, in the temporal 
bone. 

The neurocranium (A; orange) consiste of the 
occipital bone ( 1), sphenoid bone (2), squamous 
(1) and mastoid portion of the petrous (4) parcs 
of the temporal bone, the pariétal bones (5), and 
the frontal bone (6). 

The viscerocranium (A; violet) is composée! of 
the ethmoid bone (7), the inferior nasal conchae. 
the la cri mal bones (8), the nasal bones (9). the 
vomer, the maxillae (10) with the incisive bone. 
the palatine bones, the zygprru UC bones ( 11 ), the 
tympanic parts (12) and the styloid procédés 
(13) of the temporal bones, the mandibïe (14), 
and the hyoid bone. 


Bones prefortned in cartilage (B; bine) intInde 
the occipital bone [1; with die exception of the 
upper part of its squama, 15), the sphenoid bone 
[ 2 : with the exception of The médial lamella of 
the pterygoid process). the temporal bime with 
its petrous part (4) and the auditory ossides, the 
ethmoid bone (7), the inferior nasal conrhà, and 
the hyoid bone. 

The following bones are formed by ossification 
în connective tissue [B; green): the upper pan of 
the squama of the occipital bone (15), the sphé¬ 
noïdal concha, the médial lameila of the ptery- 
goid process. the tympanic pan ( 12). the 
squamous part of the temporal bone (3), the 
pariétal bone (S), the frontal bone (6), the îatrï- 
mal bone (8). the nasal bone (9). the vomer, the 
maxilla (10), the palatine bone, the ^ygomatic 
bone ( H \ and the mandibïe ( 14). 
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Head: Skeleton 


Spécial Fe attires of 

In trame mbranous Ossification 

(A-O) 

The skull cap develops in connective tissue 
and h as several ossification centers from 
which bone formation radiales in ail direc¬ 
tions. In this way paired protubérances 
develop—two frontal etninences {1) and 
Iwo pariétal eminences (2). The bones 
develop fFom these eminences. At birih 
large connective tissue areas* tbe fon¬ 
tanelles or fonticuli. are stiïl left between 
the mdividual bones* 

The anterior fontanelle (3) ïs an unpaired 
opening closed by connective tissue* which 
is almost square and at binh bas a diagonal 
length of 2*5-3 cm* The smaller, unpaired 
posterior fontanelle (4J is also closed by 
connective tissue and is triangular in 
shape, The anterior fontanelle Mes between 
the two frontal bone anlagen and bot h 
pariétal anlagen* The posterior fontanelle 
lies between the two pariétal bone anlagen 
and the anlage of the upper squama of the 
occipital bone. The paired fontanelles lie 
lateFally, of which the sphenoidal fontanelle 
(5), closed by connective tissue* is the 
largcr and should be distinguished from 
the small mcstoâi fontanelle (6). which is 
oeduded by cartilage (corres pouding to a 
synchond rosis), The sphenoidal fontanelle 
lies between the frontal, pariétal and sphe- 
noid bones. and the mastoid fontanelle lies 
between the splenoid, temporal and occip¬ 
ital bones, 

The fontanelles only becorne closed after 
birth, the first being the posterior fon¬ 
tanelle in the 3rd mont h* tbe sphenoidal 
fontanelle follows in tbe 6th month. the 
mastoid fontanelle in the 18th month, and 
the anterior fontanelle in the 36th mont h* 

Clinkal Tip: In the newbom and in infants 
the anterior fontanelle can be used for taking 
blood simples from the durai s in uses. 
Veneputiriwe h also possible rtirough the great 
fontanelle. 


Sutures and Synch ond roses 

The remnants of connective tissue be¬ 
tween the cranial bones form cranial 
fibrous joints* cranial syndesmoses, the su¬ 
tures (see p,22) H which permit continued 
growth of the bones, Only when the bones 
are completely fused as synostoses does 
growth cease, 

between some of the bones preformed in 
cartilage (chondrocranium) there are 
cranial carrilaginous joints, the cranial 
synchondroses. The spheno-orcipitaf syn- 
chondrosis, which ossifies at about the Ifith 
year, is of practical interest. In the région of 
the sphenoid body. the inrmpiîcnoidal 
synchondroas is found, which ossifies 
early, while between the sphenoid and 
cihmoid bones is lhe sphrnn-efhmoidol 
synchontirms* which does not ossify untiî 
maturity. In addition* cartilage remnants 
a te retained throughout life between the 
petrosal part of the temporal bone and the 
adjacent bones* the sphenopetnosul syn- 
chondrosis and the petro-oaipitül syndicn 
drosjs. 

Growth of the skull. as already stated, is 
dépendent on the funetion and the con¬ 
tents of the skull. The neurocranium and 
viscerocranium do not grow at equaj rates, 
but only in the first years of life is there 
more rapid growth of the viscerocranium 
which initially lagged behind. 
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286 Head: Skefeton 


Structure of the Crantai Bones 

Eaoh of the Haï bones of the skull tonsists 
of 

- A compact mental table 
(lamina externa) 

- A compact internai table 
(lamina interna) 

and between the two lies 

- The diploc (spongy layer)* 

in which there are mimerons veins 
within the diploic cariais 

Within other bones of the skull are certain 
air-fil le d spaces Associated with the nasal 
sinuses. The temporal bones contai n the 
sensory organs of hearing and balance. 

On the outstde the skulJ is covered by the 
pericraninm, and the inner surface of the 
skull is covered by the endorranium or dura 
mater. 

Et is useful fil st of ail to take a unified view 
of the skull from its various aspects, in 
order to recognize the functionaî associa¬ 
tions of flie larrer and to cornprehend the 
spécial features of the individual cranial 
bones. The various cavities within the skull 
are also discussed helow. 


Cal varia (A-C) 


ferior ( 8 ) and superior £9) remporaf fines. In 
dose relationship to the sagittal suture, 
i ni media tel y in front of the lambdoid su¬ 
ture, lie the pariétal foramina £10). Spécial 
features are descri bed on p.290. 

The sutures are also visible on the inner 
surface o f the adult cran lof vault. On the eut 
surface the externat table (11X the dipfoë 
(12). and rhe interna/ rafe/e (13) are ex- 
posed. In the most anterior part of the 
squamous part of the frontal bone lies the 
frontal crest (14) which ex tends toward the 
pariétal bones. In the région of the sagittal 
suture is rhe shallow groove for the superior 
sqgirta/ sinus (15)* The crîeriaJ grooves (16), 
which cornai n the branches of the middle 
meningeal artery and its accompanying 
vein. ascend from the latéral lowaid the 
midline and posterior areas. Latéral to the 
groove for the superior sagittal sinus and 
latéral to the frontal crest there are a vari¬ 
able number of indentations of different 
size (granufar/oveoiae; 17) into which the 
arachnoidal granulations extend. 

On the internai and externaI surfaces of the 
pariétal bone in the vault are the frontal 
( 18 ) and occipital £19) ongfes, while the 
sphenoid and mastoid angles are found 
only at the base of the skull. 



The vault of the cranium, the cal varia, cûn- 
sists of a frontal bone (yellow), pariétal bones 
(light brown), parts of the temporal bones 
(red). and the uppermost part of the occipi¬ 
tal bone (orange). Examination of the out- 
side of the skutl will show first of ail the su¬ 
tures. e.g.. the corornl suture (1). which 
séparâtes the squemous port of the frontal 
bone (2) with the frontal eminenœ s (3) 
from the pariétal bones. Each pariétal 
bone. also. has a parierai eminenoe (4). Be¬ 
tween the pariétal bones lies the sqgtffnJ 
suture £5). which runs from the coronal su¬ 
ture to the teunbdüïd suture £6). Le.. the su¬ 
ture between the pariétal bone and the 
squamous port of the occipital bone (7). 
Laterally, in the pariétal région, are the in- 
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B Guter surface ofcalvaria, 
bernes shown in different colora 


C Inner surface ofcah/aria 
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Latéral View of the Skull {A~C) 

in the orbkomearal plane, which rtms 
rhrough the inferior mai gin of the orbit 
and the superior margin of the external 
aconstic meatus* the neurocranium shows 
the ptanum temporale (1), which indudes 
part of the temporal bone (light red), the 
pariétal bone f light brown), parts of the fron¬ 
tal bone (yellow), and the sphénoïdal bore 
(red). The temporal fossa is limited above 
by the somewhat more prominent in/crior 
temporal Une (2) and the less obvions supe¬ 
rior temporal line (3). From the sujiianrous 
part of rhe temporal bone (4) the zygomatk 
process (5) extends anteriody, and wîth the 
temporal process (6) of the zygomatic bore 
(blue) il forms the zygomatic arch (7F infe¬ 
rior to the root of the zygomatic process 
Mes the extemol ocoustic meofus (S) which 
ts borde red mainly by the tympamc part (9; 
C, light bine), and to a lesser extent by the 
squamous part (4; C f light red) of the tem¬ 
poral bore (B, light red), Immediately above 
this there is often a small suprameoral 
spire (10) and a small cavity. fmeokt su- 
p rameü ti'cû» supra meüf cl Iriorçgfe. Poste- 
rtor to the extemal meatus lies the mastoid 
process (11), which originated as a muscu- 
lar apophysis* Between this process and 
the tympanic part there is the varia b ly 
developed tymponomosford ^fissure (12), 
The me s tard foramen (13) lies at the root of 
tlte mastoid process. Below the tympanic 
part (9) there is the styloid process of vari¬ 
able size (G. light green). 

On examining the viscerocraniwm we see 
above the orbit the sttpraciffûO' arcfi (14) as 
a prominent ridge, Below ît is the si/pra- 
orbitof margin (15) with the suprc-orbifol 
notait. The supra orbital margin is con- 
tinued over the antérolatéral margin of the 
orbital opening into the ïn/ra-orbital mor- 
gïn (16). The la rte r is Formed by the zygo 
matfc boue and the frontal process of the 
maxiüû (17), Medially is a depressioa the 
fossa for the lacrimal sac (18)- (orbit see 
p. 306). 


There aie one (or tvvo) small fora mina in 
the zygomatic ho ne* the zygomaricoforial 
foramen (19). Below the infra-orbital inar- 
gin lies the infra-orbital foramen (20), At 
the lowest point of the nasal opening the 
enterior nasai spine (21) is seea The max- 
ilU (light green) has an clveotar process 

( 22 ) directed downward, which car ries the 
maxjllary teeth, The mexiftoty ruberosity 

(23) bu(ges out posrerior ta fMs (for details 
of the mandible, see p. 302), 

Sutures 

The coronal moire (24) séparâtes the frontal and 
pariétal boues. It meets the sphenufmmtil suture 
(25). which lies between the greater vvimj of the 
sphenoid bone (26) and the frontal bone. The 
frontal and zygomatic bones are joinud by the 
frentozygomatk suture (27). Th e zygonwtkomatt- 
rüJflry suture (28) Vies between the zygomatic 
bone and the n taxi lia. and the remporozygomolte 
suture (29) is fourni between the zygomatic and 
temporal bones. The /rüntüutüxi/fury suture (30) 
lies between the frontal bone and the maxilla, 
and the raisomaxiüary suture (31) is between the 
maxilla and the nasal bone (dark green). The 
spheuosquamous suture (32) forms the boundary 
between çhc greater wing of rhe sphenoid bone 
and the temporal squama. The temporal bone 
(ltght red) joins the pariétal bone at the 
squumous suture (33). It may extend into the 
mastoid process as the periosfluomnus .snrure 
(34) between its squ-amous (C* light red) and 
petrous (C. brown) parts. 

The lümMoid suture (35) séparâtes the pariétal 
from the occipital bone (orange). 

A small part of the greater wïng of The sphenoid 
extends as far as the pariétal bone. so lhat a 
sphmoptniefnf suture (36) can be descri bed. Be- 
twven the mastoid process and the pariétal bone 
on the one hand and the occipital bone on the 
other lie the pflrâtûmüstüid (37) and orcfjxtn 
mastoid (38) sutures. 
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Poste ri or View of the Skull (A, 6) 

tn the dorsal view it is possible to see both 
pariétal boues (lighl brown, 1), which are 
joined by the sqgiftotf suture (2), The farnb- 
doid suture (3) séparâtes the two pariétal 
bones from the occipital bone (orange* 4), 

The external occipital protubérance (5) is 
prominent on the occipital bone in the 
midline and is palpable through the skin* 
The higftest nuchal fine (B) extends upwairi 
and laterally from the external occipital 
protubérance* The line below is the supe- 
rior micbol fine (7), which nep resent s a 
transverse ridge latéral to the protubér¬ 
ance. and below it is the inferior nuchal line 
(S), which extends roughly in the center 
between the external occipital protubér¬ 
ance and the foramen magnum. The in#- 
rior nuchal line may begin at the. more or 
less well developed. exremol ocripûtd crest 
(«■ 


■i Variants: Sometimes the external 
occipital protubérance is partictilarly well 
developed. The upper squàma may be 
présent as a separate bone. the incarial bone 
(see p,3l4), 

The pariétal forarnina may be partlcularly 
large (enlarged pariétal forarnina) and may 
give rise to false conclusions in radiographs 
(bore holes)i 


Latéral lo the occipital bone lies the mes- 
toid process (11 ). which is part of lhe tem¬ 
poral bone, but which is joined to the 
occipital bone by the ocrïprtomasfoid su¬ 
ture (10). A petrosquarnous suture (12) 
may be présent completely or in part in the 
mastoid process. Thïs suture shows thaï 
the mastoid process is formed from bot h 
the squamous and the petrous parts of the 
temporal bone. In lhe région of the occipi- 
tomastoid suture (10) is the masroid fora¬ 
men (13), through which the mastoid emis- 
sary vein passes. On the médial side of the 
mastoid process lies the mus toid notûi (14), 
media! to which is thegrüovejbr the ocripi- 
rcJ arnry ( 15). Pariétal foramtm (16) are 
situated in the région of the pariétal bones. 
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Head: Skeleton 


Anterior View of the Skull (A, B) 

From the front, the entire viveeroeranium 
or facial skelcton is visible. The forehead 
région is formed by the frontal bone [yel- 
ïow). In the région of the squamous part (t) 
the frontal bone is separated from the 
pariétal bores (light brown) by the ooronof 
suture (2). In the forehead. betwern the su- 
praciliary arches (3), lies the gtabetta (4). 
The frontal bone marks the entrance to the 
orhits hy forming the supra-orbïrnJ tnnrgtn 
(S), near the médial end of which is the 
variably sized, well-deflned supra-orbiral 
noreh, In some instances this note h is cou- 
verled inlo a supra-orMfaJ/oramen (6). Me- 
diatly ro it may lie a small frontal notch (7) 
or a frontal foramen. 

Betwcen the orbïts the frontal bone is sep 
arated from the nasal bones (dark green) by 
the /rontonasoï sutures (8). and from the 
maxHlae( light green) by the/ranromoxiffory 
suturas (9). The two nasal bones are joined 
lïy thetntemosaf sutura (10). Latéral to the 
orbital opening, the fwntoïygomatk suture 
(11 ) séparâtes rhe frontal bone from the zy- 
gomatic bone. The zygomatie bone (light 
blue) together with the maxilla forms a 
further part of the boundary of the orbital 
opening (for details of the orbital cavity, 
see p. 306). 

In lhe région of the upper jaw, just betow 
the infla-adiital margin (12) and near to 
the z3£OJTiaricoj?ioxiUarj suture (13), lies 
the infra-orbital foramen (14), through 
which passes a bran ch of the maxiîlary 
nerve, the mfra orbital nerve, an artery 
and a vein. tnferior to lhe orbit, in lhe ré¬ 
gion of the maxtltary body, lhere is a deep 
dépréssion, the caninefossa (15). 

The zygomatic process (16) runs latcrally 
from the maxiîlary body. The maxilla is at- 
tached to the frontal Ixfne by the frontal 
process (17) which ascends from the maxil- 
lary body and connects with the nasal bone 
lsy the nascmtjxijfafy sutura (18). The 
palatine process (see p.294) is directed me- 
dially and forms one of the fbundation of 


the hard palate. Finally. in the tooch-bear- 
ing upper jaw, there is the downward- 
facing alveotar process (19). 

The continuation of the infra-orbital mar- 
gin on the frontal process Ls rhe anterior 
taaimal crm (20). The ccnter of the max¬ 
illa ts formed by the body of the maxilla 
mentioned above. lhe larter demarcates 
with its JiasoJ notch (21) the piriform apet- 
fura, the entrante into the nasal cavities. Al 
the lower margin of the aperture in the 
région of the intermoxiMary suture (22). a 
s pur, the anterior nasal spine (23). projects 
anterioriy. In the zygomatic bone there are 
one or two zygomatkcfaclal foramimi (24> 

In the lower jaw. the mandibk (light violer), 
the body (25), the alveolnr part (26), and 
the ram us (27) are visible from the front. In 
the région of the body of the mandibîe, the 
menraf fommen (28) lies verrically bcîow 
the second premolar tooth. Tlie menia/ 
protubérance (29) is found in the midiine of 
the body of the mandibîe (see p. 302 X 
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Externat surface of crantai base 
(A-B) 

The ex te mal surface of the base of the skull 
consista of an anterior viscéral part and a 
posterinr neural part 

The anterior part Ls formed on eacb side by 
the palatine process of the maxitln (1, light 
green), Lhe horizon fctJ ptore of rhe pa terme 
boue (2. green), the afveoter process and 
ruber of the maxjfta (3) and the ïygofnatit 
bcme {4. light bine). The vomer [daik blue) 
border s the dioanae (5) médial Jy. The two 
palatine processes are fused at the médian 
palatine suture (G), the anterior end of 
which is indicated by the inrïsiVe fossa (7) 
hoiising the incisive canal s. An incisive su¬ 
ture (H), which is often preserved, passes 
from the fossa up to the second inciser. The 
horizontal plate of the palatine bone cer¬ 
tains the greater (9) and the fesser (10) 
palatine /ara mina. Marine grooves pass 
anteriorly from lhe greater palatine fora¬ 
men and are bordened by ridges, the 
palatine spines. The Ironsverse po tonne su- 
rare (11) is found between the maxîtla (light 
green) and the palatine bone (green). 

The pos terior part of the base of the sfcuii 
consista of the sphenoid bone (red). the tem¬ 
poral boues (light red). and the ocripiUE bone 
(orange). The pterygoid processes form the 
latéral Ixirders of the choanae. We distin- 
guish a media 1 plate (12), with its ha mutes, 
and a Jateraf plate (13). Between them Ucs 
the pterygoid fos sa. At the root of the me 
dial plate is the scnp/ioid fossa (14) and 
nexi to it the foratnm tacerum (15). 

In the cerner lies the body of the spftenoid 
bone (16) and laterally its grealer wïng (17) 
with the irïTrorempora/ cresr (18), The 
gréa ter wing bears lhe sphenoûf spi'ne (19), 
whose hase is pierced by the foramen spi- 
nosum (20). Between the foramen spino 
sum and the foramen Jacerum opens the 
foramen avale (21), and between the sphe- 
noid bone and the périrons part of the tem¬ 
poral l>une we find the sp/ienoperroscf f Is- 
sure (22). From the latter the groove of the 


oudjfory tube (23) extends postero laterally. 
The externat opening of the cochtear 
eu nu fieu lus is found on the side of thejugu- 
lar fossa (25) and adjacent to the etfemal 
opening of the mrotid turtaf (24). This is 
limiied laterally by the j^gutor and occipi¬ 
tal processes l Between the jugular fossa 
and the extemal opening of the ca rotïd 
canal is a small dépréssion, the pefrosnl 
/ossuto. in which the canaliculus for the 
tympanic nerve opens. Next to this are the 
fympartfc part (26) of the temporal bone 
and the stylorrf process (27) within its 
sheath. Immediately poste rior to the 
process ls the stytomosfoid foramen (28). 
On the masfoid process (29) is the masfard 
mtch (30). and médial to it is the ocripf- 
romostoid suture (31) with the occipital 
groove for the occipital ariery (32). Anterior 
to the mastoid pnoccss lies the opening of 
the extemaf accwstfr mearus (34), which is 
bounded by the tympanic part (26) and the 
squa mous part (33), 

The tympanic and squamous parts, as well 
as a small ridge of the petrous part, the 
tqpnaUal crest bounded hy the pefroiym- 
panic and pefrüsquamoïis/rssures. form the 
mandibutor fossa (35). This is limitcd antr^ 
riorly by the nrtïrufar tuberde (36), Thc^y- 
gomatic process of the temporal bone (37) 
extends antérolatéral ly. 

The basitor part (38) of the occipital bone, 
which bears the pharyngeal tuberde (39), 
fuses with the botfy of the sphenoid bone 
(16). The peiro-ocripitaf fissure runs be 
tween the petrosal part of the temporal 
and the occipital bone. The jugular fossa 
(25) is widencd by the notch in the adja 
cent occipital bone to form the jugutor 
foramen . The foramen magnum (40) is 
boidered laterally on each side by an occip 
itai rondyle (41) bebind which lies the con- 
dytar fossa perforated by a condylar canal 
(42 ]l Beginning directly behind the fora 
men magnum, the externat occipital crest 
(43) passes upwand to the exremaJ occipital 
protubérance (44). 
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lnt«mal surface of crantai base 

IA. B) 

The base of the skull is dividcd înto three 
fossae; 

The amerior ennui fossa 
The middle cranial fossa 
The posterlor cramai fossa 

The following bones form ihe inner surface 
of the base of the skull: the ethmoid bone 
(blue-violet), the frontal bone (yellow), the 
splienojd bone (red). the temporal boues 
(Light red). the occipital bone (orange \ and 
the pariétal bones (light brown). 

The anterïor cranial fossa is separated from 
tbe middle fossa by the fesser wtrçgs qf tfie 
spherioid (1) and thejugum sphenoldcle {2X 
The middle and posterior cranial fossae are 
separated from each other by the superior 
borders (3) of the petrosal portions of the 
temporal bones and the dorstmi settae {4X 

The an ténor cranial fossa. The cribriform plate 
(5) fermed by the ethmoid bone conta ins many 
small hnles and bears in the midline the vertical 
rrfstü galiï (G) with ils atar processes . Ànterior to 
the crtsu galli is the foramen coecuoi {7) and 
laterally lie the prblraf plates (8) of the frontal 
bone with their impressiones digitatae. The oib- 
lïfürm piale is joined to the sphenoid bone by 
the sphenc-etfimouJa! suture (9X In the middle, 
the prechiasmatït groove (11) lies between the 
cpfïc canots ( 10 ). The cm ténor rtmend processes 
( 12 } border the optic canals. 

In the conter of the middle cranial fossa there is 
the sella tum'eu with the hypcpfrysmi fossa {13} 
and latéral to the sella the rarofid suie us (MX 
which is the prolongation of the carotïd canal 
J ho carotid canal, which lies on tbeantmor wall 
of the petrous part of the temporal bone, is split 
open in its médial portion near the foramen 
I accru: m (15X The médial end of the canal is 
bctinded by the sphénoïdal Imgula (tût Latéral to 
the carotid groove is the foramen ovale (17). in 
front the foramen ratundum (IG) and latéral the 
foramen spin os an? (19X The groove for the middle 
meningeal artery (20) runs lateralty from the 
foramen spinosum. 


Near the apex of the petrous part, the ir(gffflfnef 
impression (21) can be seen. and latéral and 
somewhat posterior to it is the hiarus fm the 
greater per rasai rierve (22X which continues 
tnward the sphenopetrosal fissure as the graove 
for the greater perrosat nerw (23). Ihe hiatus /t>r 
die fesser petrasal nerve (24) lies immediateîy an- 
terolateral to rhat of the greater petrosal nerve, 
The superior border of the petrous part {3) car¬ 
nes the more or less well developed groove of the 
superior perrosal sinus (25X A prominent swell 
ing, the erruate etnineme (26X is produced L>y 
the amerior semicircuJar canal The squaroous 
part of the tenterai bone is joined to the sphe 
noid bone by the sphenosquarnous suture {27}, 

The foramen magnum (28) lies in the middle of 
the postérieur cranial fossa. The cHvus (29) as- 
rends anteriorly and ends in the dorsum seJlae 
(4} and its posferior drnoid procès ses (3GX 
Between the occipital bone and the petrous part 
of the temporal lies the groove qf the in/erior 
petrasa! sinus (31) and also the pet ro occipital 
synchondrosis, which may be seen in the mac- 
erated skull as the petru occipital fissure {32). 
The groove of the inferior petrosal sinus ends in 
the jugular foramen (33), The apentng of the in¬ 
ternai ooaufdc meatus (34) cperts onto the poste- 
rior surface of the petrous part, Latéral to it, hkl 
den under a small bony ridge, lies the ÉWternul 
openiqg o/tbe vesftbular aquetftjft, 

The jugular foramen (33) is formeri by The ap¬ 
position of the jugular nûtehes in the temporal 
and occipital bones, The jugular no£ch lu tfie 
occipital bone is limited anteriody by the projec 
bon of the jugular tuberrfe. and the jugular fora¬ 
men is partly divided by the mtrajugutar process 
of tfie temporal houe (35X On its latéral side the 
jugular foramen is reached by the giwpve qf tfte 
signtuid sinus (36X which. continues posteriorfy 
inta the gmove for the trausverse sime? (37). This 
ex tends ta the internai occipital pratuberanre 
(38X fram wNch the infernal occipital crest (39) 
nuis toward the foramen magnum (2*X On 
either side of the anterior rim of the foramen 
magnum is the opening of the hypoglosse! canal 

im 

The clivus ïs formed by the body of the sphenoiü 
bone and the basilar part of the occipital bone. 
During puberty they fuse (astrihidlare) but pre 
viûusly they are connected by the spheno-occipï- 
tal synchondrtwis. 
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■ Variants of the Internai Surface 
of crânial base (A-t) 

In the middle crantai fossa, in the région of 
the sella turcica, a number of variants can 
bc secn in radiological imaging studios. 


ïn sorne cases the sphénoïde/ l/ngu/a (IX 
which is rfirectcri towarti rhe temporal 
bone. may be fused with it This distinctly 
de ma rca tes the internai opening of the 
carotid canal. 

Between the anterior and ixjstcrior clinoid 
processes there may be an additional 
process, the midd/e ctimrid process (2). The 
latter may then fuse with the anterior 
clinoid process. when it forms a spécial 
opening. the rarorkocliiioid foramen (3) T 
Thiuugh this. the carolid notch, which lies 
media! to the anterior clinoid process. be- 
comcs an opening surrounded by bone on 
ail sides. Another variant is the présence of 
an iïîterdmoidnj bridge (4) between the 
anterior and pesterior clinoid processes, 
This bony fusion of the two processes, 
when seen on radiographs. is termed the 
sH/a bridge (4). It may be présent on one or 
both sides and can bise with the mkklïe 
clinoid process if it is présent (5) r 
A very rare variant is the présence of a 
rramopbaryngea/ canal (6} in the hypophy- 
sial fossa. 



Between the foramen ovale and the body 
of the sphenoîd bone. there is sometimes 
an aperture. which serves as the exit for a 
vein. This opening. the foramen vewsum 
(7) is also called the sphenoidal émisse 
rium or the foramen of Vesalïus. tt is not 
very uncommon and it permits com¬ 
munication between the cavcmous sinus 
and veins on the outside of the skull. The 
foramen of Vesalius may be présent on one 
or both sides. 

In some cases the dorsum sellae may be so 
eroded laterally by more extensive looping 
of the internai carotid artery that ît no 
longer bas any bony connection with the 
divus. In lhat case, the dorsum sellae will 
be absent from the maccratcd skull (D). 


Sometimes the internai occipital crcst is 
divided into two and between the paits is 
the well-developcd groove of the occipital 
sinus, This may extend into a marginal 
groove (8). running latéral to the foramet* 
magnum (9), to the jugaiar foramen (10). 
The condy/ar canal (il) may empty with a 
partirularly large opening into the sigmokï 
sinus. 

The jugular fora mina may be unequal in 
srze* more often the left being smaller than 
the right. Rarely is the groove for the in/e- 
rror perrosrd sinus (12) very deep. The hypo¬ 
glosse! canal may be divided into two (13). 

The apex of the perrons pan of the tem¬ 
poral bone may hâve a bony connection 
with the dorsum sellae. This bony bridge is 
also known as the abducenf bridge (14), 
since the abducent nerve j uns beneath it 
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A Sella turclca; right sphmoidal linguta 
fused with temporal bone 



C Sella turtica; interdinoid bridge, 
right earotteodinoid foramen 



B Sdla turdca; lefl middJe cMnoki process, 
right earatkodînoid foramen 



D Sella tundea: traniophar yngeal canal, 
foramen venoscm, 
absence of dorsum sel lac 



£ 

Groove of right 
occipital sinus, 
drvided canal for 
hypoglossal nerve 
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Sites for Passage for Vesseh and 
Nerves (A. B) 

Theopenings in the base of the slculj trans¬ 
mit vessets and nerves. 

in the région of the anterior cranial fossa 
the otfactory nerves (1) and the anterior 
efbmoidül arieiy (2) pass through the ciib- 
riform plate to the nasal cavity. 

The optfe nerve (3) and the Qphfba/mie 
ortery ( 4 ) njn through the optic canal. Apart 
from the optic canal, the superior orbital fis¬ 
sure also fornis a communication hetween 
the skuiï and the orbit. The superjor oph- 
fhaimic vein (5), the /arrimai nerve (6), the 
frontal nerve (7), and the trochleor nerve (8) 
run in its latéral part The abducent nerve 
(9), the oculomoror nerve (10), and the 
iiGSoritfary nerve (lî) pass through it 
more metlially. 

The maxîllary nerve (12) passes through 
the foramen rotundom. while the mandibu- 
lar nerve (13). togelher with a venous 
p/exus of the foramen ovale which joins the 
cavernous sinus to the pterygoid plexus, 
runs through the foramen ovale. A récurrent 
branch of the mandibular nerve, the 
meningeul branch (14). togelher with the 
nriddle meningeal artery (15), reaches the 
crania! cavity through the foramen splno- 
sum. ITie large st structure in the middle 
cranial fossa, the in remal carotid artery 
(16) passes through the carotid canal into 
the cranial cavity. The internai carotid 
artery is surrounded by the symparftefic 
carotid plexus (17) and internai carotid 
venons plexus. The gréa ter pefrosaJ nerve 
(18) becomes visible at the hiatus for the 
greater petrosal nerve. and the lesser pefrosol 
nerve (19) runs through the hiatus for the 
lesser peirosal nerve logether with the sape* 
rior tymponic artery (20). 

In the posterior crania! fossa. the medu/lc 
oblongata (21). and on each side of it the 
spinal part of the accessoiy nerve (22), pass 
through the foramen magnum. Twq large 
vertébral arteries (23). the small anterior 
spinal arreiy (24), the paired small poste- 


rior sptnd arteries (25). and the spinal vein 
(26) also pass through the foramen mag¬ 
num. 

The hypogtossal nerve (27) and the venons 
network of the hypogtossal canal (28) pass 
through the hypogtossal canal. 

The g/ossppharyrçgea/ nerve (29), the vagus 
(30) and the ocressory nerve (31X as well as 
the inferîor perrosat sinus (32), the interna/ 
jugutar vein (33). and the posterior men/n- 
geat artery (34) ail pass through the jugutar 
foramen. 

The imcmal acoustic meatus transmît s the 
Jfebyrintftine artery and vein (I5X the vestr- 
butocochlear nerve (36). and the facial 
nerve (37). 

On the oufer surface of the base of the skull 
the facial nerve (37) becomes visible as it 
emerges from the stylomastoid foramen, 
through which the sfylemastaid artery (38) 
enters the skulL 

The anterior tyntpamc artery (39) and the 
cborda fympam (40) traverse the petrotym- 
jwnic fissure. 

The greafer palatine artery (41) and the 
greafer palatine nerve (42) pass through 
the greater palatine foramen in the hard pal- 
ate, and the fesser palatine cr/erics and 
nerves (43) run through the lasser palatine 
fora mina. The nasopulurine nerve and an 
artery (44) run through the incisive canal 
toward the palate. 

The em/ssary condy/ar vein (45) runs 
through the condytar canal 
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A Leftsîdeofdlagram: 

Internai view of kft base of skull 


0 Rightsk)eüfdiagram: 

Extemaf viewofleft base of skull 


A. B Sïtes f o r passage for vesstHs and oerves fn base df sku II 
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Mandible (A-C) 

The lower jaw (mandible) is only con¬ 
necter! with rhe other bones of the skull by 
synovial joints. It is preformed in connec¬ 
tive tissue, The mandible consjsts of the 
hody (1) with its ascending ramus of the 
mandible (2] on each side. 

in the adtitt the body of the mandible bears 
the afveofarparr(3), which is marked on its 
outer surface by the bulgingafveofaryokes 
(4), ln old âge, Le,, after loss of lhe leefh. 
the alveolar part undergpes régression (see 
p. 304), On the front of the body of the 
mandible lies the menrof protubérance (5). 
which is elevated on each side To form the 
mentaf twbercfe, On tbe outer surface* on a 
vertical line through the second premolar, 
rhere is an opening. the mentof foramen 
(6) r The inferior surface of the mandible is 
called the base of the mandible. The ob¬ 
lique fine (7) ascends from the body to the 
ramus of the mandible. Posteriorly the 
body of the mandible merges at the man- 
dibufar angle (8) with the ramus* 

The ramus of the mandible has two 
processes, the anterior coronoid process (9) 
for insertion of a muscle, and the poste ri or 
conâytar process (10) for the joint surface, 

Between the processes lies lhe murafibufar 
nordi (Tl ), The condylar process has a neck 
(12) and supports the head of the mandible 
with its articular surface (13). The man- 
dibular head is also known as rhe mtmdifni- 
far condyle because of its cylindrical shape. 
On the inner aspect of the head of the 
mandible, below the articular surface, a 
small pit, the pterygoid pvea (14), for the 
insertion of part of the latéral pterygoid 
muscle is seert Near the angle of the 
mandible theie is sometimes a roughened 
area, the masseteric tuberosity (15) for the 
insertion of the masseter muscle. On the 
inner surface of the mandible in the région 
of the ramus lies the mandüjufar foramen 
( 16), which is the entrance to the mandibu- 
1er «mef The opening is partty concealed 


by a délicate spur of bone, the Ifnguto of the 
mandible (17). The myfofiyord groove (18} 
begins direaly at the mandibular foramen 
and runs obliquely downward. Below fl-tf 
mylohyoid groove, at the angle of the 
mandible. is the pterygoid tuberosity (19), 
which serves for the insertion of the mé¬ 
dial pterygoid muscle, 

The inner surface of the body of the 
mandible is divided by an oblique ridge, 
the mytohyojd fine (20). Below this line, 
from which the mylohyoid muscle anses* 
we find the submondtbutar fossa (21), 
while above it and somewhat more ante¬ 
rior. is the subhrçguaf /ossa (22). 

The alveoli or sockets are separated by the 
mremfveofar septa (23). With in the alveoli 
of the molars, mtemuficuiar septa may be 
seen, Posterior to the last molar there is the 
variably developed large retrotnoiar tri¬ 
angle. 

Anteriorly. on the inner surface of the body. 
lies the mentof spine (24), from which 
muscles a ri se (also called génial rubercles). 
and laterally, somewhat lower, are the àx- 
gnsfrir/ossaefZS), the points of insertion of 
rhe digastric muscles. 
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B Metiial view of mandjWc 


A Latéral view nf mandible 
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Shape of Mandibïe (A-£) 

The angle cf the mandibte clifTers at various 
stages of life. In lhe newbom (A) if is still 
relatively large, about 150 e . while during 
childhood (B) it becomes smaller In the 
aduïi (C) it is reduced to about 120- 130 e . In 
old âge (13) it again increases to about 140 . 

The change in the angle of the mandibïe is 
dépendent on the presence of the alveolar 
part with its alveolar arch and the teeth. 
With éruption of the teeth there is an al¬ 
teration in the mandtbuLar angle of the in¬ 
fant. and it changes again in old âge when 
lhe teeth are lost. 

Apart from the change in the angle of the 
mandibïe at the various stages of Life, the 
body of the mandibïe also shows varia¬ 
tions. The body of the mandibïe beats the 
alveolar process, and in old age h after the 
teeth are lost this régresses. During this ré¬ 
gression the siae of the body of the 
mandibïe becomes reduced and some- 
times flatte ned. which may push the ch in 
forwartL 

The alveolar part may vary in its orienta¬ 
tion. In some instances, particularly among 
the primates, there may be an alveolar part 
protruding outward and the position of the 
teeth differs from that in modem humans. 



Ossification: As noted on p. 2B2, the mandibïe is 
preformed in connective fis sur. It appears on 
both s ides in the fïrst viscéral arch as intermem- 
bramus bone, furmetJ on Medcefs cartilage 
(Meckelï /un. ln rhe région of the 

symphysis, ije_ anteriorty. parts of Medtd’s Qua) 
cartilage farm the basis of those parts of lhe 
ossirula mentalia which develop in cartilage. 
Thèse fuse with the mandibïe. The first bone 
cells appear in the Gth intrauterine week. To- 
gether with the davicie, it is the first bone in the 
body to develop. The synostosis of the two parts 
of the mandibïe begins in the 2nd munth of lift 


Hyofd Bone (F) 

The hyoid bone* which may be included 
with the bony skeleton of the skull. is not 
directly connected but is joined to it by 
muscles and ligaments. Jt may be divided 
into a body (1)* the an ténor part, and the 
two greafer homs (2) lying latéral ly. One 
can see an upwaid-directed fesser horn (1) 
and a larger* posteriorly directed greoter 
hom (2} t 

Ossification: In the body and the gréa ter horn nf 
the hyoid bone, ossification centers develop in 
cartilage just befure birth* while in The lesser 
horn the oenter develops nujch later. at about fhc 
20th year. The lesser horn necd not ossify bot 
may remain cartilaginuus. l.ike the mandibïe. the 
hyuid bore develops from the skeleton of the 
viscéral arches. 
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A MandlNrof a itewbom 



C Med iaf view of ma ndible half p 
ossification 



D Mandibfe in ok3 âge 
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Orbital Cavity (A. B) 

Each orbit is shaped like a four-sided pyra- 
mid, the apex lying deep inside and rhe 
base forming the orbital opening. it is de- 
marcated by valions bones. 

Roof: The roof of the orbit is formed anteri- 
orty by the orbital plaie of the frontal bone 
(1)and posterioriy by the fesser wi'ng of the 
sphenoid (2). 

Latéral wall: The latéral wall consists of the 
zygomaric bone (3) and the greater wing ef 
the sphenoid (4), 

Floor: The anterïor part of the floor is 
formed by the orbital surface of the body of 
the maxilla (5) and posterioriy by the orbtf- 
fal process of the palatine bone (6). Along 
the infra-orbital margin. the floor is 
conipleted anteriorly by the zygomatic 
bone (3), 

Médial wall: The thin médial wall is formed 
by the orbital plate of the ethmoià bone (7), 
the lacrimal bone (8). and the sphenouf (9), 
In addition, the frontal bore (I) ami the 
maxilla provide smaller contributions lo 
this wall. 

Orbital openîngs: The sx/pra-orbifol and 
infra -orbital maigins of the entrance to the 
orbit hâve already been desrribed (see 
p. 292). Media lly and laterally they are 
joined togcther by rhe médiat and latéral 
margms. Posterioriy therc are two converg- 
ing fissures, the superior ortftof fissure (10) 
which ope ns into the cranial cavity, and the 
inferior orbital fissure (II) for rhe com¬ 
munication with the pterygopalatine fessa. 
The fissures converge medially and imme- 
diately above the junction lies the opric 
canal (12), Frum the inferior orbital fissure 
ru ns rhe infra-orbital groove (13) which be- 
comes the in/ra-orfrital canal to open 
bclow the infra-orbital margin as the infra- 
orbital foramen (14). On the latéral wall the 
zygomatic nerve passes through rhe zygo- 
matico-orbital foramen (15), On the médial 
wall. where the ethmoid bone meets the 
frontal bone, are the anterior (16) and pas- 
ténor (17) efhmofeiül foramina, The nerves 


and arteries of rhe same name leavc 
through these fora mina. The anterior eth- 
moidal foramen opens into the cranial cav~ 
tty, while rhe posterior one leads into rhe 
ethmoidal cells, Near the entrance into the 
orbit lies the fû ssa for the lacrimat sac (18) 
which is bounded anteriorly and posteri- 
orly by the anterior (19) and the posterior 
(20) locrrmal cresfs. It leads into the noso- 
larrimal canal, which opens into the nasal 
cavity (see p. 308). 

In the immédiate neighborhood of the or 
bits are the para nasal smuses. The variably 
sized orbital recess of the/rontaî sinus (21 ) 
entends into the roof of the orbit. Medially 
lie the ethmoid cells and dorsally the sphé¬ 
noïdal sinus. Inferiorly, rhe orbit is sepa- 
rated from the niaatlJoiy sinus (22) by a 
thin plate of bone. 


PterygopaJatîne Fessa (B, C) 

The pterygopalatine fessa may be ap- 
proached from the latéral side through the 
pfeQgomaxfltoty fissure (23). Anteriorly to 
tt lies the max/lJo (24), posterioriy the pter- 
ygoid process (25), and medially the per - 
pendicular plate ofthe palatine bone (26). ït 
is an important junction area for vessels 
and nerves. It is connected with the cranial 
cavity by the foramen rotundum (27), and 
with the lower surface of the base of the 
skull by the pferygoid canal (28). The 
grenier palatine canal (29) and the lesser 
palatine canal lead to the paiate, the 
sphenopalnrine foramen (30) to the nasal 
cavity, and the inferior orbital fissure (11) 
into the orbital cavity. 
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Nasal Cavtty (A-C) 

We distinguish a right and a left bony 
nasal eavîiy separated mediaHy by rhe 
nasal septum. The septum often deviates 
from rhe midline. The nasal cavities open 
anteriorly into the piriform aperture (see 
p.292} and posteriorly eaeh opens via lhe 
choana, the poste ri or nasal aperture. into 
the pharynx (see vol. 2), 

The nasal septum (A) consists of eaf- 
tilaginous and bony démenti The car- 
iilaginous septum (1) with iîs posferièr 
process (2) complétés the bony partition 
between rhe two nasal cavities. The media! 
crus of the major alar cartilage (3) is superim- 
posed on each side on The septal cartilage 
as rhe médial border of the anterior open- 
ing of the nose. The bony partition* the 
bony nasal septum, is forme ri by the peipen- 
dkutar plate of the ethmoid (4), the sphé¬ 
noïdal rmsr (5). and the vomer { 

Bottom: The floor of rhe nasal cavity is 
formed by the maxiifa (7) and the palatine 
bone (S). 

The roof is formed anteriorty by the nasal 
bone (9), and further posterior and supe- 
rior thereto by rhe crihn/onn pfote of the 
ethmoid (10). 

The latéral vuall (B. C) of each nasal cavity 
is made irregular by the three turbtnate 
bone s* the conclue nasales and the underly 
irtg ethmoidal cells, The superior (11) and 
middle (12) contfiae belong to the ethmoid 
bone, while rhe mferior nasal coneha (13} is 
a separate bone of the skulL 

Behînd rhe superior condia lies the 
spheno-efhmoidaf recess [14) into which 
the sphénoïdal sinuses ope il The s phern- 
palatine foramen ( 15) lies in the latéral wail 
of the recess. It connects it to the pterygo 
palatine fossa (p, 306). Afrer removal of the 
three conclue, rhe superior. medral, and in- 
fetior nasal meati are revealed. and rhe per- 
pendicular plate of the palatine bone (16) is 
fuÜy expose d_ The openings (17) of the 
posterior ethmoidal cells can be seen in the 
superior nasal meatus. 


In the middle nasal meatus, the undnnfr 
process (18) partly covers l he maxiffaiy fïio- 
rus ( 19) which connects the maxillary sinus 
with rhe nasal cavity, Superior to this 
process is the ethmoidal huila [20), a par- 
ticularly large anterior ethmoidal ce II 
Above and below the bu lia the middle and 
the anterior ethmoidal cells open into the 
middle meatus of the nasal cavity. 

Between the ethmoidal bulla and The unci- 
nate process is the ethmoidal m/undibufum 
(21), across which the frontal sinus [22), 
the morfUoiy sinus (23). and the anterior 
ethmoidal cells are connected with the 
nasal cavity. The uncinate process aïso 
partly covens the facrimal bone (24), which 
fonns the latéral wall together with the 
maxilia (7) and the ethmoid bone. 

The nasal opening (25) of the txasolaerhml 
canal lies in the inferior nasal meatus. 
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C Latéral wall of bony nasal cavity 
after removal of nasal conchae 
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Crantai Shapes (A-C) 

Anaromy and anthropology reeognize a 
number of craniometric points, fines* and 
angles which permit coin pari son of The 
va nous types of normal skull (A) and aïso 
permit récognition of abnormal forms (B, 

O 

Somo of thc important points for mcasurement 
indudc: thc glabetta [IJ - thc smnoth area be- 
twecn the cycbrovvs; thc Dfwsfhotrümon - thc 
most poste rior protruding point of rtic occipital 
bonc in the midi inc sagittal plane; thc baswn * 
thc anteriur margin ofthe fbrameû magnum; thc 
bregmn (2) - thç point uf contact between the 
sagittal suture and the corona] suture; the nasion 
(3) - i lie Crossing peint uf thc nasofiontal suture 
with the médian sagittal plane; rhe gnarhipn (4) 
= that point on the base of mandibîc in îhc me 
dian sagittal plane which p rot rudes furrhest 
downward; the zygfa n (5J » the must lateraïïy 
protruding point uf the zygomatic ardu Aise of 
interest arc thc gomon [G] - thc widest* 
downward, backward and latéral ly directed 
point at thc angle of the inaudible; thc verte* * 
The highest point uf the skull in the midsagirtal 
plane when orienteti to the urbiiumeaial plane: 
thc inion = thc most promincm point (center) of 
the extcrnal occipital protubérance 

OTher puints of measuroment* Unes, and angles 
may be fuund in textbooks of anl hropojogy. 

The most important indices based on a compan- 
son of lhe distances between the individua! 
points uf measurement are présenter! bclDW. 

Length-Ureadrh Index of the Neurocranium 

greatest width uf the skull y ^ ^ ^ 

gréa test Icngth uf the skull 
(g label I a-opi sth ocra n ion] 

Long head (dulidrcicfTîhaïy) l < 75 
Normal head (mesocephaly] f=75-80 
Short head (biachyccphaly) t > 80 

Lengtb-Hegbt Index of thc Netuocrartum 

height of the skull 

(teior^bregrra) *WO(-0 

greatest leqgth of the skull 
( glEj bella- opi si hocia nio n} 

Wide head (platycephaly) I < 70 
Normal head (urthocephaly) 1 = 70-75 
Steeple head (hypsicephaly) I > 75 


Facial Index 

hdght of the face 

(msiMt -gMthioti)_ x 1Q0(pI) 

width of thc Tygnmatic 
arch 

Wide fate(euryprosop] I < 85 
Medium fto(mc5opro5np] I*» 85-90 
Marrow face (leptoprosop) f > 90 

Basically there is reciprocity between thegrowfh 
of thc brain and the skuIL If there is a pathologi- 
cat increase in thc volume of the contents of the 
skull* this will rcsul t simultancomly in rrurked 
en large meut of thc bony skull. Patliologiraï 
chargement of thc brain i s due tu en largement 
uf the cérébral cavities, which are fi lied with 
cerebrospinaj fluid, and il may bc assuciatcd 
with uvcrproduction of ccrebrospinal fluid (sec 
al su vuL 3). 

Malformations 

A relatively large neurocranium in com- 
parison to The viscerocranium is caïled 
hydroceptulus (B). In hydrocéphales the 
cranial bores ait thin* There is delayed do- 
sure of The enlarged fontanelles* and the 
emirences (frontal and parierai) are partic- 
ularly wdl nwked. The orbits are ftairened 
and s ma U. 

Prématuré closure of the sutures causes 
micmccphatus (C). The prématuré closure 
may resuit* for instance, from reduced 
brain growttu In mitrocephalus there are 
deep orbits and strong zygomatic arches. 

Other malformations indude the scaphn- 
cephalus, in which there is prématuré syn- 
ostosis of the sagittal suture, and oxy- 
ccphalus, in which the coronal suture ossi¬ 
fies prématuré ly. 

These various malformations must l>e dis- 
tinguished from artificially deformed 
skulls. 
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Spécial Crantai Shapes and Sutures 
(A-DJ 

The size and shape of the neuroc radium 
dépends on the growih of the brain, and 
the size of lhe viscerocranium will be sub- 
stanlially influenced by the activity of the 
masticalory apparatus. The influence of 
other éléments, suth as the supporting 
System of lhe dura mater, mus! also be 
ta ken inio accouni. The varie us fonms of 
the cranial sutures are also of interest in 
Ihis regard. 

In the skull. in ll>e région of lhe inlramem- 
branous bones. there are three different 
types of sutures: 

- Sutura plana 

- Sutura serrai a 

- Sutura squamosa (p.22) 


Du ring development ail the sutures are al 
First fairty straight and could be termed 
simple. It is only during lhe course of 
development thaï their shapes aller Ücca- 
sionally. subforms are seen. such as lhe su¬ 
tura funbosa, which is a spécial form ot the 
sutura squamosa. There are also more su- 
rures in the newborn than in adults: for ex¬ 
ample, beeause of the paired anlagen of the 
frontal bones lhere is a frontal - mrtopic 
suture (1), which usually closes between 
the Isi and 2nd years of life. If il persists 
(A) the skull is lermed a “crossed skult”, os 
there is a cmçifonn suture wftere the 
coronal (2), frontal (1). end sogiird {3) su¬ 
tures meet. Remnants of the frontal sutura 
may often be seen neor the root cf the nose 
(4). ïf the frontal suture does persist, the 
forehead may become particularly promi- 
nent beeause of the more marked growih 
of both parts of the frontal bone. 



*- ■ Cltnkai TEps: Alypieal bony anlagen may pro 
ducc addilional sutures. An incarnJ bone (p. 314) 
produces a t rares verse occipital suture. A hor¬ 
izontal porieto/ suture (S) is a spécial feature pro- 
thiced by tlie anlagc of a superiür ponetai bone 
(6) and an inferiot porietoj bone (7). The atypkal 
sutures may resuit in mistaken diagnoses on 
radiographs (fractures). 


Ai the âge of roughly 30 years, tlie in- 
dividuai sutures synostose and bone 
growth ceases, The fiisi io fuse is usually 
the sagittal suture, but less frequently il is 
lhe coronal suture. If there is an early 
general fusion of sutures, mirrocephalus 
resufts (see p, 310). if only one suture syn¬ 
ostoses. the skull beeomes abnormal in 
shape, e.g.. scaphocephalus or oxy- 
cephalus. If only one part of a suture fuses 
prématuré ly, as may happen in lhe coional 
suture, pLagTOcephalus or "crooked skull" (C. 
U) results. A plagiocephalic skull shouîri be 
distinguished from an artificially deformerî 
skull 

8 Outline of a pï a giocepha lie skull 

9 Outline of a normaïly developed skull 
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A Frontal suture 


B Horizontal 
pariétal suture 


C Unilatéral syncistosis 
of tornnal suture 


D U ru latéral synustosis oï toronal 
suture seen from abuve 
(symmetrical s loi H shown ingray) 
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Accessory Bones of the Skull (A-E) 

Quite oflen lheie are supemumerary indé¬ 
pendant bones between or wilhin lhe 
other bones of lhe skull. They are eilher 
calted epactal l>ones or, if lhey lie between 
lhe orl^er bones of lhe skull, wormian or 
suturai bonis These supemurnerary 
bon es, lhe majority of which deveîop in 
connective tissue, can be divided into two 
groups, 

One group consista of bones tha! arise al 
typical sites and occasionaïly may be sym 
metrical Tbese may be bones which hâve 
spécifie anlagen d u ring development but 
fail lo unile with the otber bones. They are 
of considérable practical inlerest as the su¬ 
tures between lhese bony parts may be 
confused with artifidal fissures in radio- 
graphs. The second group of supernumer- 
ary bones are Üiose which are compJetely 
ii régulai in number, shape, and location, 
and communly show indivïdual variations. 


caltcd The frontoparictal bone. occurs iess rom- 
monly. It is an epactal bone, eiîhci rircuLir or 
rhomboidal in shape, and is uncommon. 

Anolhot typical epaclal bone is the cpiptmr b<me 
(7) or pterion ossit le. in which we distingubh 
çmrerwr and posterior paru. It ts fourni in ihe 
sphenotdal fontanelle, wherr il is bounded by 
the frontal bone (8). the paridal bone (2). the 
squamous part of the temporal bone (9), and lhe 
sphenoid bone (10). An antcrioi epipleric bone 
may not always extenri to the pa nel al bone. and 
a posterîor epipteric bone may not always reaeh 
the frontal bone. An undiviried epipierit bone 
may occur. or boih types mentioned above may 
be présent, or only onc of them Lasily, in the ré¬ 
gion of the posleiior latéral fontanelle there may 
be a séparai? bony anlage(H). 

The second group comprises spcdfjeaJly ihe su¬ 
turai wormian bones, which are parhtuLuly 
eommon. They oceur in the légion of the laml> 
deid, sagittal, and coronal (12) sutures. In addi¬ 
tion, they may be fourni in the transverse occipi¬ 
tal suture (sce abovef 


To the fi rat group betongs parïicuJarty the IntiriJl 
bone (1 ). This term is deteved frotn the Word Inca. 
as the bone has frequently (20%) been Sound in 
old Pcruvian skulls, /t corresponds to rfie superbe 
port of the interjjcrrîeto/ bone. which devrfoped 
/rom tonnerfive Ms sue. and forms the upper 
squama of lhe occipital bone, 

J he lower pari of the interparietal bone (f riOTjgir- 
terr plate) fuses as a connective t issue component 
with the patl which ck-velops by ehondral ossiïi 
ration (supra-ocdpifol hotte) and forms the lower 
squama. Tite lotarial bone is bounded by both 
jT pariel al bones (2 ) a nd by rite lower squ a ma ( 3) of 

the occipital bone. The suture between rhe incar- 
ial bone and the lower squama of the occipital 
bone corresponds to the sutura mendoso of the 
fétus, and js cal lcd the fransverse otripùn/ suture 
(4). The incarial bone may aJso be divided into 
two or three parts, 

Other bones which occur in a typical position are 
those în thefonianeUe région, Immediately ad^a 
cent Lo the incarial bone. in the posterîor fion- 
lanelle. is the apical boue (5). which may persisl 
as an independent bone, in the région of the 
greater fontanelle the bregmatic bone (6). also 



Harely an independent bony anlage (13) ntay be 
fbund within a bone, bpactal boues appear occa- 
sionally in the pariétal bone (2) and very rardy in 
the frontal bone. 


ClnfcalUfr; Intercalated and wormian bones 
may extend through the full thickness of the 
skulk they may be seen only on lhe surface, or 
only rn the interior of the vault. 
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A fnQrian bont\ pos ténor view of skull 
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Temporo mandibular Joint (A-Q 

The lemporomandilnilar joint is divided 
into two compartmenls by the artinilar dise 
( 1 ). The joint is formed* on the one side* by 
lhe ho.itl of the imrHlihle (2) and, on the 
other side. by the mandibular fessa (3) with 
the articulât tubercle (4> 

The approximately cylindrical head of the 
mandible is so positioned l liai ils longi¬ 
tudinal axis forms an angle, in the médian 
plane jusl in front of the foramen magnum, 
of about 160" with lhe longitudinal axis of 
the joini of lhe opposite side. The head is 
covered by fïbrocartïlage and lhe man- 
dibular fossa likewise possesses a lining of 
nbracartilage. 

The aiticuUr dise (1) represents a movable 
socket for rhe head of the mandible. Its 
anterior portion consista of fibrous mate- 
rial with inlerspersed chondrocytes: its 
posterior part is bïlaminar. The upper por¬ 
tion (5), which is attached lo the posterior 
wall of the mandibular fessa, conssts of 
loose fibroelastic t issue, whereas the lower 
portion (6J, which is fixed to rhe posterior 
margïn of the head of rhe inaudible, is 
composed of very tant fïbrous tissue. Be¬ 
tween rhese parts lies a retroarticular 
venous plexus which serves as a formative 
cushion ( Zenker ). Anleriorly, the articular 
dise is firmly uniled witb lhe articular cap¬ 
sule and the injratemporal head of the 
latéral pfe/ygord muscle (7). 

The articulai* capsule (8) is rclatively loose 
and is reinforced by the latéral ligament 
(9), particularly on ils latéral side. This liga¬ 
ment extends from the zygomatic arch to 
the condylar process direct!y below the 
head of tlte mandible. where it very 
frequenlly exhibits an eminence* some- 
times a ridgelike élévation or, more rarely, 
a pillike dépréssion. In the older I itérât ure 
this was considered a condylar tubercle, a 
condylar crest, or a condylar fossa, respec- 
tively. 


The stylomandibular (10) and sphenoman- 
dihular (11) ligaments acl as guîding liga¬ 
ments* although neilher lias a direct con¬ 
nection with the capsule. The sphenoman 
dibular ligament extends from the spme of 
the sphenoid (12) lo the firçgu/a of the 
mandible (13), whereas lhe stylomandibu¬ 
lar ligament stretches from lhe siyloid 
process (14) to lhe angle of the mandible 
(IS) and is in connection wilh lhe styfohy- 
oiti l^gamenr (16). In addition, fi brou s tracts 
extend from lhe angle of lhe mandible to 
lhe hyoid bone and are désignaied as lhe 
hyomandibiddr %ûmenf (17). 

Functionally* the temporomandibular joint 
represents a combination of two joints: an 
articulation between the articulai dise and 
the head of the mandible and an articula¬ 
tion between lhe articulai dise and the 
mandibular fossa. Active opening of lhe 
mouth always involves a rotational move- 
ment al the lower joint and a sliding move- 
ment anteriorly at the upper joint. The slid 
ing movement is especially brouglil aboitt 
by the latéral pterygoid muscle. Besides 
opening movemems, latéral or grinding 
movements are produced. 

The temporomandibular joint or the shape 
of its articular surfaces is dépendent on the 
development of the dentition and, there- 
fOFe. also on the âge of lhe individual. With 
absent teeth (infants, elderly). lhe man¬ 
dibular fossa is Hat and lhe articular 
tubercle is ineonspïcuous. 

The external acoustic meatus (18) lies 
directly behind the remporomandibular 
joint and the middle craniaf fossa directly 
above it. The parotïd gland (see voL 2) and 
varions vcsscls and nerves are also closely 
related to this joint, 

19 Hyoid bone 
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C Temporomandibular joint 
from médial 


A Sectionoftemporo* 
ma ndibular joint 
(wlth dlstracted head 
of inaudible) 


B latéral view of 
temporomand ibol ar j oint 
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Head 


Muscles and Fasoas 
Muscles ofthe Head 
MEmetk Muscles 

The mimetic muscles radiale inlo the skin 
of the face and the head, and lheir ton trac¬ 
tion causes déplacement of lhe skin. Thé 
déplacement, which takes lhe form of 
Fotds and wrinkles, is lhe basé of facial ex¬ 
pression. The expression is dépendent on 
racial charactenstics, intellect ual capadiy 
and the âge of the individual. In youlhful 
elaslic skin lhese charges are réversible 
after muscle contraction* while in old âge* 
when skin elastirity is diminished, 
wrinkles may remain. In lhe foliowing sec¬ 
tion lhe fu net ion of each muscle will be de¬ 
scri bed« 

CHnltal Tip: 1-ad.al expressions dépend on 
the state of health. Vàrious di stases of lhe heart* 
LhyrnitJ gland, sic mat h. and Jiver may hâve an cf 
fcct on facial expression. They may be especially 
affected by para lys is of the facial nerve. 


The mimetic muscles are divided into: 

- Muscles of the scalp 

- Muscles in the région of the eyelids 

- Muscles of the nasal région 

- Muscles of the mouth région 


Mimetic Muscles ofthe Scalp (A* B) 

The muscles of the scalp constitule the 
epicranius. Thé is very loosely bound to 
the periosteum but very flrmly to ï he scalp. 
Between the paired anterior and posterior 
bellies stretches a tant tendon* lhe 
epitramai apnneurasis (1), from which the 
fi bers of lhe tempo ropariet al muscles also 
arise. 


The occipitofrtHitaJjs consists of an occipital 
bdfy (2)and a frontal belly (2) on each side. 
The former anses from the latéral two- 
thirds of rhe highesf nutftaf fine and die fat- 
fer Jacfcs a bony origin but instead anses 
from the skin and the sabaitaneous tissueef 
the eyebrow and the glabeltar région. The 
frontal belly is also closely related to the 
orbirularé oculi (4). 

The temporopariètàlis (5) a fiscs in the région 
of fhe golea aponeurotica and neacbes the 
auricuiar carfiidge The mosl poster ior part 
ofthe muscle is also known as lhe snperior 
aurieufar muscle, 

The epicranius* parti cujarly its anterior 
bellies, produces wrinkles in the forehead. 
In addition, contractions of bot h frontal 
bellies may lift the eyebraws and the upper 
eyehds, This produces the facial expression 
of asionishment. 

Nerve supply: facial nerve. 
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A Latéral view ofmîmetk 
muscles of scalp 


B Ant aior view of mimetic musdes of forehead 
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Musclas of the Head» 
contlnued 

MlmeUc Muscles In the Région 
of the Palpébral Fissure (A-F) 

The orbicularis oculi consisis of three 
parts: orbital (1 ). palpébral (2), and lacrimal 

( 3 ) ; lhe latter is also regarded as deep part 
of the palpébral part. The thfck orbital part 
(1) 15 arrarçged tircuîariy around the crbii 
and fs arrached fo the palpébral ligament 

(4) , the /ronfal procès of the maxrfla, and 
the an ténor tacrimaf rresf. In the upper lid 
the médial fibers of the orbital part fan ou! 
in lhe direction of the eyebrows. These 
fibers are also known as the depressor su- 
percfMi The more delicaie palpébral part (2) 
fies immcdiarely on the eyeïids and ex fends 
also to rhe patpebral lîgamenr. The fïbers lie 
partly on the tarsal plates (5) and partly on 
the orbital septum. The (arrimai part {3: 
Homère muscle, deep part of lhe palpébral 
part) lies médial to the deep cnrs of the pal¬ 
pébral ligamenr and crises diie/ïy from die 
posferw lacrimal rrcsf (6), 

The orbital part is concerned with firm closure of 
the tid, whitç lhe palpébral part is primarily con 
ccrned with the blink reflex The fonction of lhe 
lacrimal part is not fully understood. It is thoughî 
to expand The LacrimaJ sac or to expel its con¬ 
tents. 

Throogh lhe close relaUonship of musde fibers 
to the skin, radial folds in the région of the latéral 
angle or the eye are produced; these are calted 
"crow's feeL" The orbicularis oculi produces an 
expression ofworry (D) and concem. 

The corrugator superrilii (7) pénétrâtes 
the orbicularis oculi and lhe frontal belïy 
(8) of the epicranius. tt anses from the 
glabella and the supra-orbital matgm and 
radiales into the skin of the eyebraws. 

It pulls the skin of the eyebrows downward and 
mediatty and produces a vertical fiurow. It bas a 
proteetive action in bright light and is called the 
musde of pathetîc pain. Its contraction produces 
the expression of a “thinker's brow” (E). 


Mfrmftk Muscles tn the Région 
of the Note (A-F) 

The procerus (9) an ses/rom the domrm of 
the nose and radiâtes into the skin of the 
forehead As a relarivrfy fhtn muscle plate, tt 
produces a transversefold aewss rhe root of 
the nose 

It produces a menadng expression. In old âge 
thèse folds normally become permanent. 

The nasal is consista ol traits verse (10) and 
alar (11) parts, It anses from the afvéülar 
yokes of the canine tootfi and rhe latéral In¬ 
ciser and recettes the skin on lhe side of the 
nose. The transverse part is a Ihin, broad 
plate, which is joined by a flaltened tendon 
to the transverse part of the muscle of the 
opposite side, while the alar part radiales 
into the skin on lhe nasal wing. 

Contraction of this muscle pulls lhe nasal wing 
downward and backward and reduces the size of 
the nostril. It produces a happy, astonished ex¬ 
pression and gives the impression of desiring, 
demanding, and sensu ousness (F). 

The levator labiï supertoris alaeque nasi 

(12) crises from the infra-orbital margin 
and extends down infü the skin of the upper 
lip and nasal wing. U élevâtes rot onïy lhe 
skin of the nasal wing but also thaï of lhe 
upper lip upward. Simultaneous bilateral 
contraction slightly lifts lhe tip of lhe nose. 

Jt ek-vates the nasal wing and enlarges the nos- 
trils, Stronger contractions produire a fnld in lire 
skia The facial expression thus produced is one 
of displeasure and diseoment (G). 

ln Figure C, the orbicularis oculi is folded 
over medialward, together with The tarsal 
plates. View of the poster i or surface. 
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#T 


B Corrugator superdln musde 


A Muscles aiound palpébral 
fissure and nose 


C Internai view crf iacrimal part 
of orbicularis otuli 


D- F Effeets of muscles o n facial expression (frocn Roui/Jté) 
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Muscles of the Head, 
continued 

Mime tic Muscles in the Région 
of the Mouth (A-LJ 

The nrhirularis ods (1) appears likc a 
circuler musdc, but in Tact il co nsi sis of 
four parts (A). It also has an inner labial and 
an ouîct matinal part. The shape of ihe 
mouth is determîned by îts tonc and the 
shapc of rhe underlying bone and tceth. 

In weak contraction the Ups arc in contact oc 
tlosed, whtle in strong contraction they pont For- 
warel and prof rude in a sucking shape. The pri- 
mary functson oF this muscle is seen Ln eaiiryg 
and tirinkirg, Ils contraction gives a fanal ex¬ 
pression of reserve [D], 

The quadrilatéral buccinator (2) crises 
from the morïdihfe in die région of die Isf 
and 2nd molars and from ffie pferygoman- 
drbular rophe (3). lt extends lo the angle of 
the mouth and forms The latéral waïl of »ts 
vestibule, 

lt enables air to be blown ont of the mouth. pulls 
The angle of the mouth laterally and keeps the 
mueous membrane of the cheeks free of folds. If 
is involved in laughtng and crying. and, when 
contracred. produces a facial expression of satis¬ 
faction (É). 

The zygomaticus major (4) anses from the 
zygomatk bone and extends foward dte 
angle of the mouth. Some of its fi bers de 
cussate with those of lhe depressor anguli 
oris. 

If lifts the comer of the mouth upward and later- 
alty, lt produces the facial expression of Jaughter 
or pleasure (F). 

The zygomatïcus minor (S) extends from 
the outer surface of the zygotmtic bone to 
the nasolabî'af groove. 

The risorius (6) cünsists of superfidaî 
muscle bundles which crise from die 
masseteric feseta and rnn to die angle of rhe 
mouth. 


Togeiher with the ïygomaticus major it produces 
the nasolabial folds. Thcy are called. f lie refore, 
the laughtng muscles. Contraction of the muscle 
produces an expression of action (C), 

The levator Iabii superioris (7) is as- 

sodated with the levator Iabii supeiioris 
alaoque nasi. If anses from the infra-orbital 
margîn and exrends Info die sfcm of the 
upper tip, 

The levator anguli oris (B) anses below the 
infrû-orbîtai foramen and nms to the angle 
of the mouth. 

lt lifts the angle of the mouth and produces an 
expression of self-confidence (H}l 

The triangular depressor anguli oris (9) 
crises from rhe lower maigin of the 
mandible and also extends to the angle of 
the mouth, 

tt pulls the angle of the mouth downward tD pro- 
duce an expression of sadness [I). 

The rransversus menti is onty présent as a spé¬ 
cialisation of the depressor anguli oris, a few 
fîbers of which run transvendy in the région of 
the dim and may be associated with the forma¬ 
tion of a double rhin. 

The depressor Iabii inferinris [10) crises 
from thè mandïbte below rhe mental /orei- 
men and radiâtes frîfo the s kin of the lower 
llp. 

lt pulls the luwer lip down and produces an ex¬ 
pression of perseverance (R). 

The monta lis (fl) anses from the mandible 
in rhe région of the alveotar jugum of rhe 
latéral fnrisûr and radiales info the skin of 
the dm 

tt produces the chin-lip fiirrow and is re¬ 
sponsable for an expression of doubt and indéci¬ 
sion [LJ. 

The platysma [12) radiâtes from rhe neck iitfü rhe 
foetal région and is connected with the risorius 
and the depressois of the angle of the mouth and 
of rhe lower lip. 

AU mimetk muscles Are moervated by the facial 

MfWL 
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A 

Anterbr view of mimetk 
musdes around mouth 


B Latéral view of mimettc 
muscles around mouth 


D-l 

Fffect of musdes on facial 
expression (from RmMé) 


€ Defcasted latéral view of buccînator 
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Muscles of the Head f 
continued 

Muscles of Mastication (A-E) 

The muscles of mastication are innervated 
by brandies of the mandibular nerve. They 
develop phylogenetically from the first 
viscéral ardi. 

In a strict sense they include the 

- Masseter (1) 

- Temporalis (2) 

- Lacerai pterygoid (3) 

- Médial pterygoid (4) 

The masse ter (1) anses fro m the zygomaric 
ardi (5) and is inserfed into the massèrent 
tu héros ity (6) on the angle of the mandible, 
The muscle is divided into a strong superfi- 
cial part (7) with oblique fïbers. ajid a deep 
part (8) whose vertical libers arise from rhe 
ijiner surface of the zygomatic proçess of 
lhe temporal bone and from lhe lemporal 
fa scia. The masseter, like the temporalis, 
powerfully doses the jaws by elevaring the 
mandible. 

Nerve supply; masseteric nerve. 


The médial pterygoid {4} runs almost at 
right angles to the musclejust described. /r 
anses in the pterygoid fossa, i.e^ the laiger 
part /rom the med/ol surface qf rhe totered 
prerygoid plate and the soulier part /rom 
the tarera/ surface of rhat plate as well as 
with a fe w fïbers from the maxdtafy 
ruberasify. U exrends /o the angle of rhe 
mandible whm it rs inserfed mro rheptery- 
gotd ruberosify, so that the angle of the 
mandible lies in a sling formed by rhe 
masseter and médial pterygoid, It élevâtes 
the mandible and also pushes it fbrward. It 
may also be involved in latéral displace¬ 
ment of the lower jaw and participate in 
rotational movements. 

Nerve supply: médial pterygoid nerve. 



The temporalis (2) is the strongest elevator 
of lhe lower jaw. Jr anses from tfie temporal 
fossa (9) as far as the infenar remporaJ line 
and from rhe remporaJ /asria (10). It is m- 
serted by a strong tendon mfo fhe coronoid 
process of the mandible (il). 1rs insertion 
also extends downward on the interior and 
amener side of lhe mandibular ram us, 
Nerve supply: deep lemporal nerves. 

The latéral pterygoid (3) is involved in ail 
movements of the mandible. It serves as 
the guiding muscle of rhe mandibular 
joint. It consista of two parts: the inferior 
head (12) anses from die latéral surface of 
the latéral plate of the pterygoid process. 
and fhe superior head ( 13] âmes /ram the in- 
/raremporaf surface (14) and fhe m/rafem- 
parai cresr of the greater wrng of the s phe- 
noid Tfie latter part exrends to die articuler 
dise while the former part is inserfed inra 
the pterygoid Jovea (15)^ 

Nerve supply: latéral pterygoid nerve. 
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Ventral Muscles of the JNeck 

Infrahyoid Muscles (A, B) 

The infraltycid muscles act on ihe hyoid 
bone and thus on the mandibïe* as well as 
on the ccrvkal vertébral column. 

The infrahyoid muscles include the 

- Sternohyoid 

- Omohyoid 

- Sternothyroid 

- Thyrohyoid 

Phylogenetically. they belong 10 the great 
ventral longitudinal muscle System. The 
omohyoid is also induded in the muscles 
of the shoulder girdle (see p. 146). 


The sternohyoid (1) anses from the paste- 
rior surface of the manubrium (2)./rom the 
stemodavint/ar joint, and somefimes from 
t/ie sternal end of the etaviefe. It is inserted 
inlo ftie Inférât région of the mner surface of 
tfre body of the hyoid bone (3). 


The onKiliiyoid (4) has two belïies, a supe- 
ri or and an inferior. which are connected by 
an mtervening tendon. The inferior bdly 
anses from the superior inorgin of the 
scnpuffl adjace nt to t he scapu lar note h ( S ) 
and ascends obliquely. In the latéral région 
of the neck it is closely connected with the 
middle cervical fasda and it ends in an in¬ 
ter médiate tendon which crosses the 
vascular-nerve cord of the nede The supe- 
I rior belly anses from lhe intermediate ten¬ 
don and ascends obliquely to reach rhe 
hyoid bone. ir is inserted, usually without 
muscle fïbeis. mro the tarera/ fhird of rhe 
tawer edge of the body of the hyoid and with 
some fibers onto the inner surface of the 
body of the hyoid bone (6). 

lhe sternothyroid (7) is wider than the 
sternothyroid which lies superficial to it. H 
anses from the postenor surface of the ster¬ 
nal manubrium (g) and reaches rhe oblique 
fine of the thyroid cartilage (9). It cl osely in¬ 
vesti the thyroid gland. 


Ttve thyrohyoid (10) is the continuation of 
the sternothyroid. U prises from the oblique 
/me of the thyroid cartilage (9) and is m- 
serred onto the inner surface of the latéral 
third (11) and rhe /ower margin of the mé¬ 
dian surjbee of the greater fionrî (Fischer). 

AJI the infrahyoid muscles work together. 
and spedfically they may approximate the 
thyroid cartilage to the hyoid bone or. 
when the mouth is being opened* stabilize 
the laryngeal cartilages and the hyoid 
bone. or pull them downward Eecause of 
ils relationship to the neurovascular trunk 
and the middle cervical fascia, the omohy¬ 
oid has the additional fonction of pre- 
venting pressure on the large undeilying 
veirk h holds open the internai juguïar vein 
and so aids return of blood from the head 
région to the superior vena cava. 

The infrahyoid and the suprahyoid muscles 
(see vcL 2) can bend the head forward with 
the mouth shut. The omohyoid muscle is 
an accessory muscle in opening the mouth 
and in flexion, latéral flexion and rotation 
of the head (Fischer and Eansmr/yr). 

Nerve supply: deep cervical ansa and ihy- 
rohyoid b ranch (Cl, C2, and C3). 
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B Diagramof orïgin, course, 
and insertion of musdes 


A Infrahyoid musdes 
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Head and Neck; Muscles and Fascias 


Head Muscles Inserted on the 
Shoulder Cirdle (A-C) 

The two muscles of the head which are in¬ 
serted into the shoulder giidle are the 
trapezius and sternoeleidomastoîd. 


The trape/ius (1 ; see also p. 146] is divided 
rnto descendit!# (2), transverse (3), and as- 
cending (4) parts. 

The descending part crises/nom rfre supcrior 
nucfiai fine, the rafemaf orcipjrQl protubér¬ 
ance (5) and the fjgamentum nuchae (6; see 
p. 56)and is inserted mro rhe iarernf tfiird of 
the davicie (7). The transverse part anses 
from the sevenfh cervical to the thîrd 
thoracic vertebrae (8: from the spinous 
procès se s and supraspinous ligaments) 
and is inserted rnto the acromial end of the 
cia vide (9). the acromion (10). mû part of 
scapular spine ( 11). The ascemîing part anses 
from the third to twelfth thoracic vertebrae 
(12; from the spinous processes and the 
supraspinous ligaments) and is inserted 
onro the sprnaf rrtgone and the adjacent 
part of the scapular spine (13). 



The p ri mary fonction of the trapezius is a 
static une: it supports the scapula and thus 
stabilizes the shoulder girdle. Its contrac¬ 
tion pulls the scapula and the davide 
backward and towaid the vertébral 
column. The descending and ascending 
parts rûtate the scapula. in addition to pro 
ducing adduction, the descending part pro¬ 
duces slight élévation of the shoulder, 
assisting rhe serrât us ante non if the latter 
musde is paralyzed. the descending part is 
able to lift the arm to a little above the hor¬ 
izontal. 

Nerve supply: âccessory nerve and 
trapezius branch (C2-C4), 


The sternodetdomastotd (14; see aïso 
p. 146) prises by oue head from the sternum 
(15) and by the other from |/re davick (16). 
tt is inserted rnto the mastoid process and 
the superior nuchaf fine. There it has a ten- 
dinous connection with the origin of the 
trapezius. 


Unilatéral action of the sternoderdomas- 
toid lums the head to the opposite skie 
and bonds it to the ipsi latéral si de. Bilateral 
contraction lifts the head. Th is muscle is often 
incorrectly called the ftexor of the l*ead, Fi- 
nally. the sternocleidomastoid can be an 
âccessory muscle of respiration if the head 
is fixed and the intercostal muscles are 
paralyzed. If the intercostal muscles are 
still functioning. however. the sternociei- 
domastoid is nat brought into action. 
Nerve supply: âccessory nerve and frbers 
C1-C2 from the cervical plexus. 

■1 variât!; Since the stei rwdetdüfrkastoid ami 
trapezius develop from the same matériel, they 
sometimes remain In a dose relations!lip Ihe in¬ 
sertion of the trapezius to the davlcle rswy he 
corjûdeiably extended médial ly, and oonverseîy 
Uie origifi of the sternocleidomastoid may be 
displaced Jaterally In this case the greater supra- 
cLivicular fossa. which is border ed by these rwo 
muscles and the daviefe, is reduced in size. 
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C Dwgrarnof ongin,course, 
and insertion of muscles 


B Trapeaus musde 
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Fasclas of the Neck (A, B) 

Thcre are three layers of muscular fascias 
in the neck between ihc hyoid bone and 
the shoulder girdle. 

The superflcUI layer or investing layer {1 ) 
of the cervical fascia (1) encloses ail the 
structures of the neck except the pl a lys ma 
(2) and is continued dorsally into the nu- 
chai fascia. The stemocleidomastoid (3) 
and trapezius (4) are embedded with in. It 
ex tends front the mandible to the manu¬ 
brium sterni and the davides. Between the 
hyoid bone and the mandible it is refened 
to as cervical fascia (see below). 


Tlte deep or prévertébral layer (7) pf the 
cervical fascia envers the vertébral colmun 
and the deep cervical muscles associated 
with it. The deep muscles of the neck in 
dude the long us capitis* the longus colli 
( 10) H and the scalene muscles (11 ). lhe pré¬ 
vertébral layer anses from the base of the 
skull and extends into the thorack cavity, 
where it is continuons with the endo- 
thoracic fascia. 

The contents of the neck, larynx, 
esophagus (12), trachea (11), and thyroid 
gland (14), with the parathyroid glands. Lie 
betweeo the pretracheal and prévertébral 
tayers. 


Underneath Lies the middle or pretracheal 
layer (5) of the cervical fascia into which 
the infrahyoid musculature is embedded 
(sec p. 326). This fascia is closely applicd in 
the région of the infrahyoid muscles (6). H 
does not, however, end at lhe latéral mar- 
gins of the omohyoid muscles but con¬ 
tinues laterally as a thin sheet Et cornes 
into contact with the deep or prevertebral 
layer of the cervical fascia (7) and fuses 
with it. It is also connected with the con¬ 
nective tissue sheath a round the neu- 
rovascular bundie (common carotid artety, 
internai jugular vein, vagus nerve) as the 
carotid sheath (fasdae cervicalis; S). 

The pretracheal layer extends in a cranto- 
caudal direction from the hyoid bone to the 
manubrium sterni and rhe eïavtcïes. 
Cranial from the hyoid bone, it fuses with 
the superfïcial layer of the cervical fascia. 

Between the superfïdal (1) and pretracheal 
(5) layers of lhe cervical fascia is the su 
prastemaJ interfascial space (9: see p. 354) 
in the région of the middle compartment 
of the neck. 
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334 Perîpheral Nsrves and Vessds 


Head and Netk 
Ragions (A, B) 

The head is se parai ed from the neck by a 
line beginning at the chin continuing over 
the body of the mandible, ihc mastoid 
procès s and the su péri or nu chai line to 
reach the external occipital protubérante. 

The neck is séparable from the trunk by the 
jugular notch of the sternum and the 
davides. Dorsally no précisé boundary line 
can be defined. 

Réglons of the Head 

The frontal région (1) comprises the fore- 
heatl up to the coronal suture. Adjacent to 
it, over the pariétal bone on each side, is 
the pariétal région (2), and over the 
squamous part of the temporal bone lies 
the temporal région (3). The infratemporal ré¬ 
gion (4) is covered by the ^gpmatic arrh. 
Dorsally the occipital région (S) lies over lhe 
occipital bone* 

The varions anterior fascial régions are the 
nasal région (6), the oral région (7), and the 
ctrin or mental région (S), The orbital région 
{9} lies a round the eyes, the Infra-orbital ré¬ 
gion (10) is the area latéral to the nose. and 
the buccal région (Il ) is latéral to lhe oral ré¬ 
gion. The zygomatic région (12) lies about 
the zygomatic bone, and lhe parotid région 

(13) cuntains the masseter muscle and the 
patiotid gland. 

Réglons of the Netk 

The neck is divïded into a posterior région 

(14) and ventrolateral régions* The La t ter is 
divïded by the stemocleidomastoid région 

(15) into an unpaired anterior triangle and 
the paired latéral régions of the ncck The 
anterior triangle includes the area between 


i 


the lower jaw and the anterior margins of 
both stemotleidomastoids. It can be 
further subdïvided In the cerner lies the 
middle neck région (16). which is limited by 
the hyoid bone, the omohyoids and stemo 
derdomastotds. and inferiorly by the jugu- 
lar notch of the sternum. The depressed 
part of the middle neck région* which lies 
just above the sternal jugutar notch, is des- 
ignated the suprastemol fossa (17). The 
submental triangle or submental région 
(18) extends between the hyoid bone and 
the chin région, Lateialty jt is separated 
from the submandibular triangle (19) by the 
anterior belly of the digastric muscle. This 
triangular area is limited cranially by the 
mandible. H might be helpful to use the 
angular t ract of the cervical fastia to sepa- 
rate the submandibular triangle from its 
superoposterior part, the rr t romand feu ta r 
fossa (20). which contai ns the cervical part 
of the parot id gland and lhe tiunk of the fa- 
rial nerve. The carotid triangle (21) is of 
great practical importance as it coniains 
the bifurcation of the rominon carotid 
artery, It is limited cranially by the poste 
rior belly of thedigastric muscle* anterioriy 
by the su per ici belly of the omohyoid and 
dorsally by the stemorieidomastoid. 

The latéral cervical région (22 i or posterior 
triangle of the neck, ends anterioily at the 
sternodeidomasroid, posrerioriy at the 
trapezius and inferiorly at lhe cUvidr. Tire 
omoclavicular triangle, or grenier supra- 
dovfnjJor fosse or triangle (231 deserves 
spécial mention in this area. It is Limited by 
the sternoeleidomastokl lhe inferior belly 
of the omohyoid and the clavide. In thin 
individuals it may also be possible to see 
the Jesser supradovindar (Triongle) /osso 
(24) between the iwo heads of the origin of 
the sternocleidomastoid. 
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A Later a I view of région s üf hea d a n d neck 


B Posterior view ot régions 
of head and neck 
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Perlpheral Nerves and Vessels: Head and IMeck 


Anterior Facial Réglons (A, B) 

The blood supply of the face cornes pri¬ 
ma liiy from branches of the extemal 
carotid artery and to a lesser extent from 
those of the internai carotid artery, On the 
antei ior margrn oF the mosseter (1 ) H the/o- 
düt artery (2) ascends and anastomoses via 
the angufnr arteiy (3) with the dorsal nasal 
artery (4). which stems from the ophthal- 
mic artei y, By way of larger branches in the 
faciaî région, the facial arrery sends smalïer 
branches to the tip région (sec p.34ü). The 
latéral région of the Face is suppiied either 
by the facial artery or by the tronsverse fa¬ 
cial arteiy (5). whtch is a brandi of the su- 
perficial temporal artery (6), The deep lay- 
eis o F the an ténor facial région reccivc 
their bïood supply from the infra-orbital 
arfejy (7), a terminal branch of the maxil- 
lary arrery. The superfkial temporal arrery 
(6) supplies the temporal and pariétal ré¬ 
gions, and the forehead area proper is sup¬ 
piied by the sUprarrochfear (8) and supra- 
orbital (S) artertes, bot h being terminal 
braixrhes oF the ophthalmic artery. Among 
the larger superfrdal veins of the facial ré¬ 
gion onty the facial vdn (10 Ji* which anasto- 
moues via the angular wri? (11) with the 
dorsal nasal vein and the super/ïrinJ tem¬ 
poral vein (12), lie superfrcially. 

The mimetic muscles are snpplied l>y 
branches of the facial nerve. These are the 
temporal (13), zygamaiic (14), and buccal 
(15) branches and the marginal mandibular 
branrft (16), 

The sensory innervation to the skin of the 
face is derivcd from branches of the 
trigeinmal nerve, the ophthalmic. the 
maxillaiy, and the mandibular nerves. 

Ophthalmic nerve: The skin of the forehead 
is suppiied by the frontal nerve with its su- 
pratrochlear nerve (17) and the supm-orbi- 
rai nerve (18), Near the Latéral corner of the 
eye the tam'muf nerve (19) pénétrâtes the 
orbîtularis otuli (20) with a Fcw of its 
branches and innervâtes the skin in this ré¬ 
gion, The extemal nasal nerve (21), a 
branch of the nasociliary nerve, supplies 


the dorsum and tip of the nose. 

Maxillary nerve: The lower eyeïid, the theek 
area* the latéral nasal région, the upper lip, 
and the anterior temporal région are inner- 
vated by branches of the infra-orbital nerve 

(22) and the zygomahcofaciaî and zygo 
maticotenrporal branches of the Tygomatic 
nerve. 

Mandibular nerve: The skin of the lower lip, 
as well as thaï of the région of the body of 
the mandiblc [exrepi its angle) and the 
chin area are suppiied by the mental nene 

(23) , whereas the auriailofemporal nerw 

(24) innervâtes the skin of the région of the 
ramus of the marxJible. the concha of the 
auricle t the largest portion of the extemal 
acoustic meatu& most of the external sur¬ 
face of the tympartie membrane, and the 
posterior temporal région. The mental 
nerve exits from the mental foramen: the 
aur icLilotemporal nerve aseends in front of 
the extemal ear together with the superli- 
tial temporal artery and vein. 

Cllnkal Tip: Ihe artasloîTHïsis belween ihe 
racial vein (10) and the dorsal nasal vein is im¬ 
portant sùire fi af fends a direct connection tu the 
cavemous sinus (see vuL 2), ihrwgh wNdi in¬ 
fection e,g„ from a funinrle on (lie lip. may be 
carried inside the skiiL 

Pressure Points of the Trlgeminai Nerve 
(B) 

The sensitivity of the rhree principal 
branches of the trigeminai nerve can be 
tested at the ramifications of fhese 
branches. The supra-or hira/ notch (25) 
serves as a pressure point for the supra- 
orbital nerve ( 18). the infra-orbital foramen 
(26) as a pressure point for the infra-orbital 
nerve (22). and the mental foramen (27) for 
the mental nerve (23). Ail three pressure 
points lie along a roughly vertical line (28). 
running through the middle of pu pii about 
2—3 cm latéral to the midline, 

The broken blue Unes in Figure B indicate 
the beundaries between the régions sup¬ 
piied by the Lhree branches of the trigemi- 
nal nerve. 
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A Anterior view of facial région 


B Pressure points Of branches 
oftrigemirvalnefve 


Perïpheral Pathuyays 



















338 



Peripheral Morves and Vessets: Head and Neck 


Orbital Région (A, 8) 

In an anterior view the orbital région 
roughly corresponds to the région of the 
orbicuïaFis oculi. In this area there are 
anastomoses between the facial vessels 
and vessels from the interior of the skulL 
These anastomoses are of practicai impor¬ 
tance, both as a source of collateral circula 
tion and for the spread of bacteria from the 
skïn of the face through the veins to the in- 
terior of the skuîl. 

In the orbital région (A), the urbifûl septum 
(1) séparâtes the superfïciat structures 
from the contents of the orbital cavïly. S u- 
perfrcially the vessels are a continuation of 
, the facial anery and vein (2), namely, the 
angular anery end vem (3), The dorsal 
nasal arfery and vein (5) lie in front of the 
palpébral ligament (4). The dorsal nasal 
arteiy may branch from the supra rrocft/ear 
cirrery (fi) outside (see figure) or withrn the 
orbit Together with the dorsal nasal arteiy, 
the infnttrochlear nene (7) also pierres the 
orbital septum. It often anastomoses with 
the suprafrmVilenr nerve (8), which is only 
separated from it by the frochlea (B, 9). 

The supratrochlcar nerve innervâtes the 
skin of the médial pari of the forehead and 
the root of the nose and is accompanied by 
the supralrocblear nrtery and vêtus (10). 
Latéral to the supratrochlear nerve. the me- 
cJj'al brandi (It) of the supra-orbital nerve 
pierces the septum and adjacent to it ïs the 
loferai bra/ïdi (12) of the supra-orbital 
nerve, accompanied by lhe sitpra-orbrtûl 
arîery (13). This anery and nerve leave an 
indentation in the bone, the supra-orbital 
notch, which is somerimes closed to form a 
supra-orbital foramen (see p. 292). 

In the latéral angle of the eye, branches of 
the lacrimal nerve (14) pierce the orbital 
septum. The upper eyelid is innervated by 
thèse nerve s and by branches of the frontal 
nerve. The lower eyelid is innervated by In- 
ferior palpébral branches of the in/ra orbi¬ 
tal nerve (15) r which emerges from the 


infra-orbital foramen together with the 
infia orbital artery (16). 

Within the orbit (B), after lemoval of the 
orbital septum, the superior oblique muscle 
o/ the eye ( 17 ) becomes visible as il bends 
a round the trochlea (9). The levaror palpe- 
brae superioris (18) and the larsof muscle 
(19) can also be seem A latéral tendinous 
process of the Jevator palpebrae superioris 
divides the lacrimal gland into an orbital 
part (20) and a palpébral part (21). Below 
the eyeball the rn/ertor oblique mtiscle qf 
the eye (22) arises from the infra-orbital 
margin. 

In the médial corner of the eye. after the 
outer Limb of the (médial) palpébral liga¬ 
ment has been divided, the looimd soc 
(23) with the lacrirnal carrai trait (24) which 
ope n rnto it become visible. 


25 Cut edge of the latéral part of the ten¬ 
don of the levator palpebrae superioris 

26 Outer limb of the (media!) palpébral 
ligament, divided and roflected 
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A Orbita I rey ioi i, urbjta I septum 




B Orbital région, berimal apparatus. 
vessek and nerves in orbrt 


Peripheral Pathways 
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Peripheral Serves and Vessels: Head and Neck 


Latéral Facial Régions 
Parotid Région (A) 

The parotid région is the mosf important 
part of thc latéral facial région. In it Mes the 
parotid gland (see vol. 2). which is differ- 
enriated into a supcrFicial and a deep part. 
Anteriorly the purotrd gloire/ (X) lies on the 
musseter muscle (2) and posteriori y it oc¬ 
cupiez the retromandibular fossa. At the 
anterioi margin of the parotid gland the 
parïjfid or Stensen's duct (3} teaves the 
gland and turns deepty down in front of 
the buccal fat pucf (4). It is accompanied by 
the vomewhat variably developed trans- 
uerse facial artery (5), a branch of the su- 
perfidcl temporal artery (6). This supplies 
blood to parts of the face. 

Between the super frcial and deep parts of 
the gland lies the parotid plexus of thc fa¬ 
cial nerve. whosc branches, as temporal (7) 
zygomatic (8), fuirai/ (9), and motÿncf 
rnundifmtar ( 10 ). become visible on the su- 
perior and anterior border of thc gland and 
i un to the mimetic muscles» At the inferior 
border of rhe parotid gland, the cervjcof 
branch of the facial nerve (11) is seen, 
which somerimes runs for a distance to- 
gether with the marginal mandibular 
branch and which fomns ihe superfïdal 
ansa cervicatis with the transverse cervical 
nerve (see p. 358), 

At the Inferior margin of the parotid gland 
the retromandibular vern (12) runs with the 
cervical branch of the facial nerve or with 
the marginal mandibular branch. This vein 
is joined by the facial vein (13) as it runs 
along the anterior border of the masseter 
muscle (2). Usually the facial artery (14) 
passes in front of the facial vein around the 
mandibïe (bony pressure point). It extends 
as the angular artery (see p. 336) to thc 
médial corner of the eye and gives off the 
inferior (15) and super/or (16) labial ar- 
teiies. 

The supei frcial temporal artery (6) lies at 
the superior margin of thc parotid gland, 
direcily in front of the external car. where 


it gives off ûnferfor ûurîcu/nr branches to 
the external car. as well as the jygomoricü- 
orbitoJ ûrtery. Finally. after providing a 
mû/rile lempora/ artery, it divides into a 
Cranta/ (17) and poriefül (18) branch. h can 
take a very tortuous course and is accom¬ 
panied by thesïipetfrrinJ temporal uern (19), 
The a uricii lotempora I nerve (20). a twig 
from the mandibular nerve. follows the 
pariétal branch (18) and innervâtes the 
skin of the posterior temporal région. Su- 
perfickA parotid lymph nodes ( 21 ) are found 
in variable numbers usually directiy in 
front of the external eau 


Parotid Plexus (B) 

tJpon remoyal of the superfïcial part of the 
parotid gland the ne is usually a superüor 
£22) and an inferior brandi (23) of the facial 
nerve. [Tic superior branch sends out (lie 
temporal branches (7) and the zygomarir 
blanches (8), whhe the inferior branch 
gives off the buccal branches (9) + the mar¬ 
ginal mandibular branch (10), and the cer¬ 
vical branch (11), Bot h branches and their 
ramifications usually conneci with one 
another by anastomoses, thus créa ring the 
parotid plexus. 

Parai Ici to the inferior branch runs the ret¬ 
romandibular vein (12). An accessory 
parotid gland, which is somerimes présent 
(24), may be small and is then coveted by 
the superfrcial part of the parotid gland. If 
jt is larger, it adhEres ro the parotid duct in 
front of the parotid gland. 

Clinkàl Note; Malignant furnors ot the 
parotid gland cause damage to lhe tacïal nerve 
aud/ni ils brandies. 


25 Great auricular nerve 

26 Platysma 


■ 1 s 
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A ParotEd région 


6 7 8 



Ë Pa rotfd plexus 


Peripheraî Pathway* 






Perîpheral Nerves and Vessek Head and Neck 


Inf rat emparai Fossa (A-G) 

First Layer (A) 

Access to the infra temporal fossa is gained 
by lemoval of the zygomatit arch and the 
coronoïd process of tbe mandïble, Tbe 
Jatera/ (T) and media J (2) pterygoid muscles 
then become visible. AntEriorly* rhe jn- 
fratEmpoial fossa is Hmited by the maxrl- 
lary tuherosity (3) and tbe p/erygoman- 
dibukïr rnpbe (4). 

Tbe maxillary artery (5) may run between 
(he two heads of ihe latéral pterygoid 
muscle. In this région it gives ofr the buccal 
artery (6) and the supenor posferïor afvc- 
ofar artery (7) in addition to branches to 
the ina st ica tory muscles, before de¬ 
scend ing into the pterygo palatine fossa. 
The maxillary artery is surrounded by a 
venons plexus, the pterygoid plexus* which 
is continuons with the mcxiffary veins. 

The buccal uerw (8) also runs between the 
two heads of the latéral pterygoid muscle* 
Below the latéral pterygoid muscle the lin- 
gual (9) and infetlor aïveolar (10} neuves 
become visible, and above the muscle the 
masseferic nerve (11) is seen. 

Second Layer (B) 

The vessels and nerves of the infraiem- 
poral fossa only become fully visîhle after 
removal of the latéral pterygoid muscle 
and the condylar process of the inandible. 
The maxillary artery (5] lies latéral to the 
sphenomapdibular Jrgcmejït ( 12 ) and to the 
large branches of the mandibular nerve (13) 
and may be folio wed throughout its eut ire 
length. In ils mandibular part it gives of the 
anterior tympamc artery (14)* the deep 
miriartar arfety (IS), and the miüdle 
trreningetif artery (1.6), which reaches the 
intei Loi of the skull through the foramen 
spinosum* 

îhe middle ineningeal artery passes be¬ 
tween the two roots of the auriculorem- 
pornl nerve (17) which can frequently re- 
ceive still additiorLàlfïbers(lS)from the in- 
ferior aïveolar nerve (10). The auriculo- 
temporal nerve (17) anastomoses with 


communrcaring brandies [19) from the fa¬ 
cial nerve (20) By rneans of this anastomo 
sis, which can wind around the superfrrïal 
temporal artery (21) parasynipathetic 
ftbers pass from the otic ganglion to the fa¬ 
cial r>erve which rhen cames rhem to the 
parotld gland [sec vol. 3). 

Befoie it reaches the mandibular canal, the 
in ferior aïveolar nerve (10) gives ofF the 
mytohyord nerve (22) which is accom- 
panied by the myfc/iyofd artery (23) a 
branch of the in/ërior aïveolar artery (24) 
The dionda tympanj (25). which carties 
parasympathctic and sensory Hbers, de¬ 
scends to jotn the lingual nerve. From rhe 
anterior pan of fhe mandibular nerve (13) 
the buccal nerve (8) arises to innervaie the 
mucous membrane of the cheek and to 
supply parasympathetic fi bers from the 
otic ganglion to the glands of the cheek* 
Purely motor branches, such as the masse- 
teric nerve (11) t the media! and latéral 
pterygoid nerves. and the deep temporal 
nerves (26) a ri se also from the anterior 
peut. 

Spécial Features (C-C| 

The maxillary artery has a very variable 
course because of its development, Thus, 
the maxillary artery (5) often lies latcially 
to lhe Latéral pterygoid muscle (C) and less 
often medially to it (A, D) When it does He 
medially, the artery usually runs to the 
pterygopalatine fossa. lateraUy (E) to the 
inferior aïveolar nerve (10) and the lingual 
nerve (9) but medially to the buccal nerve 
(8). However, the artery may run between 
the branches (F) or, more rarely, medially 
to the trunk of the mandibular nerve (G) 
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C-G Variants of maxi lia ryartery 


B ïfifratemporal fossa, second layer 


pherai Pathways 
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Superior View of the Orbit {A, B} 

Only a fëw of the vessels and nerves of the 
orbit can be seen m an an te ri or approach 
and a clear view of their relation s bips tan 
be gained only by removal of the roof of The 
orbit. 

First Layer (A} 

After removal of the orbital roof and the 
periorbita, il is possible to see The nerves 
whieh run through the latéral paî t of the 
superior orbital fissure; the most médial is 
the froriïtcflr nerve (1), whieh innervâtes 
the superior oblique muscle of fhe eyehnlf 
(2). Atongsïde runs the relatively fhick 
frontal nerve (3), whieh lies on lhe Jevntor 
palpebrae stiperioris (4), The snpra*ojbitüi 
artery (5) accompanies its latéral braneh. 
the supra-Cftilr/I nerve (6), whlle the me¬ 
dia! braneh, the suprafrorii/ear tienne (7). 
run s âlong with the suprarrotto/enr artery 
(8} r The furthest latéral is the laerimal 
nerve (9), whieh innervâtes the facrimal 
gland { 10 ) with the libers receïved from the 
aygomatic nerve, and ihe skin at The latéral 
corner of the orbit, 

The superior ophffmfmic vein (11) also 
passes through rhe latéral part of the supe¬ 
rior orbital fissure, One of its tri butanes 
crosses below the superior reclus muscle 
(12) having anastomosed with rhe extern al 
facial veins (see p r 3'i6) in the région of the 
tratlifea (13); the other braneh runs ro- 
gether with rhe laerimal artery (14), whieh 
may give off s ma II branches to muscles, 
and rhe short posterlor rifioo" orreries (B, 
15). Covered by the superior oblique (2) on 
the médial si de lie The üuierior er/imoidof 
orrery and nerve (16). and superior to this 
muscle and more posteriorly run the posfe- 
rior efhmolctol artery and nerve (17). 


The abducens nerve (20), whieh innervâtes 
the latéral rectos (21 ), is The most latéral of 
them. Immedjateïy médial to it runs the 
oculomotor nerve (22). whieh divides into 
two branches. The superior braneh (23) 
supplies the levator palpebræ superioris 
(4) and The superior reclus (12). The in/e- 
rior braneh (24) innervâtes the m«Jird rec 
fus (25) and the interior reclus and mferior 
oblique. In addition, tire inferior braneh 
sends the oeufomotor roof (26) lo rhe tift- 
ary gcmgiïon (27), whieh lies on the oprie 
nerve (18). The ganglion is connected with 
the nosori/iury nerve (29) via a nasotitiffiy 
roof (28), Hrom the ganglion the shon rili- 
ary nerves (30), whieh romain postgan- 
gtionic para sympathetie fïbers for innerva¬ 
tion of rhe ciliary muscle and lïve sphincter 
pupilUe, run to the eyeim/l (31 ). The short 
riliary nerves also carry sensory and sym- 
parhetic hbers, the larter rearh the gan¬ 
glion from a sympathetie network (not 
shown) around the ophthalmic artery as 
sympathetie root of the ciliary ganglion. 
Sensory fi bers from the nasociliary nerve 
also run to the eyehall through the long rif- 
iûty nerves (32). The nasociliary nerve* 
whieh gives off the erhmoidal nerves, is 
continued as the infrmrachtear nerve (33). 

Ointe al Tlp: The superior ophllialmic vein is 
important. as il anastomoses witfi the facial 
veins and opens mus the sinus cavcraosuv Jt pn> 
vides a route by whieh infection in the facial ré¬ 
gion may sprrad Lu the sinus tavéi h<îmjs. 

Ml Variant: There is sümHimes a nietùngo-wiîi- 
tal artery (34) joining the middle meningcal and 
the kcrimal arteries (anastomotic braneh wnh 
the laerimal artery]. 



Second Layer (8) 

After division and réflexion of the levator 
palpebrae superioris (4) and the superior 
recrus (12), the opfic nerve (18), the oph- 
llialmlc orfery (19), and the nerves whieh 
pass through the médial part of the supe¬ 
rior orbital fissure become visible. 
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Superior View of the Orbit 


A Superior view of of bit, 
first Uyei 















Périplierai Nerves and Vessels: Heati and Neck 


Occipital Région and Posterlor 
Cervical (mit h ai) Région (A) 

The vesseis and nerves which supply rhe 
skin lie subcutaneously. The o capital 
artery (1) pénétrâtes lhe miehal fascia 
above the tendon arch (2) whîch extends 
between the area of attachaient of the ster- 
nodeidomastnid (3) and the frapezius (4). 
The occipital artery is accompanied by an 
occipital vein (5) of variable caliber, which 
ts sumetimes absent and may lie replaced 
rompleteïy by a large médian vessel, the 
"rturfral azygos vefn" (6). 

In the immédiate neighborhood of the 
occipital artery and vein, the g rente; occipi¬ 
tal iterve {7) beromes suljcutaneous. This 
nerve is the dorsal branch of the second 
cervical spinal nerve. Together with the 
lesse; octrpflcf nerve (8) Fram the cervical 
plexus* it innervâtes the skin on the back of 
the head, There are almost always anasto¬ 
moses between branches of the greater 
and lesser occipital nerves* Immediately 
behind the ear the skin is also supplied by 
the poste ri or branch of the gréai auriculat 
nerve (9}. In addition, segmentai dorsal 
branches, of which the third orcipilüf nene 
(10} is the more strongly devetoped, are in- 
volved in the cutaneous innervation of this 
région. Occipital fympfr rjodes (11) are 
found at the points where the vessels and 
nerves pass through the nuchal fastja* 


The tTiangle is bordered by the reclus 
capiris poster/or major (16). the obliquas 
cap iris superior [17) and rhe oWiquus 
capiris in/erior (18). In this area the verté¬ 
bral artery gives off a branch (19) to the 
surrounding muscles. Between rhe artery 
and the postenor arch of the atlas lies the 
siiboccipffal nm'f (20) which, as the dojsal 
branch of the fîrst cervical spinal nerve, in¬ 
nervâtes the muscles mentioned above and 
the remis capiris postenor mlnor (21). 


22 Parotid gland 

23 Mastoid lymph node 


Suboccipital Triangle (B) 

The subocripitaf triangle only becomes vis¬ 
ible after removal of ail the su périmai 
muscles (A: sternoc le id ornas toi d [1], 
tiapeziüs [4[. spienms cap iris (12], and sem- 
ispînafîs capitis |13]). The vertébral artery 
(14) lies in this région, it passes through 
rhe foramina transversana (cervical part) 
of the upper six cervical vertebrae, fhen, as 
the atlantic part lies in the groove for the 
vertébral artery on the poster/or arch of the 
atlas (15) and enters the cramai cavity by 
pierctng the posterior atlanto occipital 
membrane* 
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A Occtpilal and posterlor cervical régions 



Left sobciitaneous layer 
Right: subfa,scial layer 






B Subocdpftal tiiangie 


Peripheral Patiiways 
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Latéral pharyngeal and 
Relroptiaryngeal Spaces (A) 

Latéral lo and behind the pharynx, the ves- 
sels and nerves between the head and the 
trunk run through the neck. 

Furthest dorsally 1res the sympathetic trunk 
(1), which divides at the superior cenrkaf 
ganglion {2}, inio the jugulât nerve (3) and 
the infernal cnrorid nerve (4). While the 
carotid nerve follows the infernal carotid 
urtery (5), the jugulai nerve lurns toward 
the fp/erior gangjton (6) of the vagus nerve 
(7). In addition, there are connections to 
the byppgfosvd neive (8) and to the rurofid 
hody (9), which also receîves fibers from 
the iterve fo the carotid sinus, the coroftd 
ftmnrh (10} H Fm thermore. the supenor cer¬ 
vical ganglion sends ont délicate de 
sceitdlng branches, external oirorid nerves 
(noi illustrated) to the external carotid 
plexus and laryngopharyngeal branches 
and the superior cervical cardiac nerve. 

The vagus nerve 17) passes fhrough the 
jugulai foramen and de ve tops a supenor 
and inferior ganglion (fi). Il descends be- 
tween the internai carotid artery (5) and 
the internai jugular veto (11 ). in addition to 
srnaïl branches and anastomoses, the 
vagus nerve run ni n g médial to the internai 
carotid artery gives off the stiperior taryn- 
geaf irerw (12) which divides into an exter¬ 
nal (13} and an infernal (14) brandi. Other 
branches includo the au rie u la r b ranch and 
the pharyngeal raml (15) t which run a Long 
with the pharyngeal branches (Ifi) of the 
glossophoryngeal nerve (T7) to supply the 
muscles of the pharynx and the pharyngeal 
mucous membrane, 

The glossopharyngeal nerve (17). sepa- 
raced from the vagus nerve (7}, and from 
the external brandi of the accessory nerve 
(19) by a bridge of dura (18), transvenses 
the jugular foramen and, after giving off 
phamygeal branches and fhe nerve to the 
carotid sinus, carotid brandi (lü) T runs 
caudalward and anteriorly between the in 
ternal carotid (5) and exfemal carotid (20) 
mteries- 


The external branch of tbe accessory nerve 
(19) usually takes a course dorsal to the su- 
perior bufb (21) of the internai jugular vein 
(11)- Then il runs lacerally and passes 
through the sternor/eidomasiOJd (22). or 
médial to iL in the latéral cervical région, 
also calîed poster»or triangle of the neck 
(see p. 360). 

The hypogtossa! nerve (S) passes toward 
the front latéral to both carotid arteries, 
Immediately below the base ot the skull il 
receives fibers (23) from the first and sec¬ 
ond cervical segments. It giws off most of 
its fibers in the supenor {anferiorj roof c^ 
fhe “deep" cervical ansa (24: p. 362). 

The exremal carotid artery gives off its dor¬ 
sal branch, the ascenddtg pftnjypgeal artery 
(25), which ascends alongside the pharynx 
and reathes the interior of the base of the 
skull passing through the jugular foramen 
by its branch, the ittssierior meningcal 
artery. 


26 Pharyngobasilar lascia 

27 Pharyngeal raphe 

28 Supenor constrirtor 

29 Middle constrirtor 

30 Inferior constrietor 
Il Stylopharyngpus 

32 Facial nerve 

33 Thyroid gland 

34 Su perior parathyroïd gland (nght) 
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A Latéral pharyngeal and rétrûpharynçeal ^paces 


Peripheraï Pathways 































Peripheral Nerves and Vessebt: Head and Neck 


Submandlbular Triangle (A, B) 

The submandibuïar triangle (A) is bounded 
by the hase of m audible (1), the on terior 
belfy (2) of the djgusfric. and by the ongufnr 
tract of the cervical fascia (3) wïth the in~ 
terglandular septum, Deep down, starring 
Nom the iractus angularis, the interglan- 
dular septum di vides the submandibuïar 
space from the parotid space. If it is re- 
moved, the submandibuïar triangle and 
the retrttmandibular fossa become con¬ 
tinuons (B)l 

Submandibiilar Triangle, 

Siiperfkïal Layer (A) 

The submoiîdfbufàr g tond (4) lies superfb 
rial to themytoftyofrf(5), around theposte- 
rior maigm of which winds the suhmmi- 
dlbular duct (6) accompanied by a more or 
less well develot>ed uririnüte {deep) 
process, 

In addition, the mylohyoid divides the sub- 
mandibular triangle into a superfldal and a 
deep corn part ment. The facial artery and 
veht {7} pass rhrough the gland. The facial 
artery gives off the submeittiiJ anery (8), 
which runs to the chin superficial to the 
mylohyoid (5), accompanied by the sub- 
mental vein. The my/obyortf nerve (9), 
which anses from the inferior alveolar 
nerve lies in the sa me plane and innervâtes 
the mylohoid muscle and the anterior belly 
(2) of rhe digastric. 

One or more submenrof lymph nodes (1D) 
adhéré externally ro the mylohyoid and 
cotlect lymph from the chin and lower lip 
régions. Deep and médial to the mylohy¬ 
oid, the fingw?/ rrerw (11) runs in an anch 
roward the longue and is connected ro the 
submant/rhidar güngbon (12) by gangbonic 
branches. Gtondutor branches run from the 
ganglion to the submandibuïar gland, The 
submandibuïar duct (5) runs in the immé¬ 
diate vicinity of the ganglion together with 
the hypogjossal nerve (13) and a venü comf- 
tam of the hypoglossal nerve. 


Submandibuïar Triangle, 

Deep Layer (B) 

The gemohyojcf (14) and hyoglossus (15) are 
seen after bending back the amerior belly 
of the digastrir (2) and the myloïiynid (5). 
The styloglûssus radiâtes forward into the 
longue. Inferior to the hypoglossal nerve 
(13), the libers of the hyoglossus (15) uiay 
be separated to démon strate the lingual 
artery (16), in the depth, someûmes ac- 
companied by a smaîl lingual vein. The 
area where the artery is Found is called the 
triangle of the lingual artery, It is formed l?y 
the hypoglossal nerve, the anterior belly of 
the digastrit and the posterior lïorder of 
the mylohyoid muscle (see Fig. A). 

Médial to the hyoglossus, the gfosso- 
pharyngeof nerve (17) descends from the 
retromandibular fossa and is crossed by 
the oscem&ngpalarme artery (18), a brandi 
of the facial artery. The stytohyoûî liguroeiif 
(19) runs parallel to the glossopharyngeal 
nerve* 


20 Exremal carotid artery 

21 Facial nerve 

22 Masseter 

23 Stem ode idomastoid 

24 Extemal jugular vein 
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A Subirandi buta r triangle 


16 15 


B Submandfbular triangle (deep layer) 
and retromandibulai fussa 


Pertpheral Pathways 







Peripheral Nerves and Vessels: Head and Neck 


Retromandibular Fossa (A) 

The rétro mandtbu ter fossa is limiled by rhe 
rnmus of the mandibte ( 1 ), rhe posterior 
belly of tlie digast rie, and a narrow band of 
strong fibers of the angular tract of the cer¬ 
vical fascia {21 it contai ns rhe deep portion 
of the parutid gland 

After removal or the parotid gland, the/a- 
fiûl nerve (3), emergmg from the stylomas- 
toid foramen and dividing into its 
branches, is visible. The first b ranch to be 
given otf outside the skull is the pos/erior 
miricutor nerue (4), which supplies the 
occipital belly of the ocdpirofrontal muscle 
with rhe occipital branrh and the posterior 
muscles of the ear with the aurïrular 
brandi. The next hanches to leave the 
tnrnk of the facial nerve are the drgosfrir 
(5) and stytohyw'd (6) brandies. The facial 
nerve then splirs up into the parotid piexi/s 
(7), which lies between the superficiel and 
deep parts of the parotid gland. This plexus 
also Ibrms loops around rhe neighboring 
vessels and sends brandies to rhe mimetic 
muscles, i.e.. the temporal (8), zygomufic 
{9}, and buccal (10) branches and the mar- 
giricif mtmdrbidar braitdi (11}. The cervical 
bremeh of the facial nerve (12} also arises 
from the parotid plexus. It innervâtes the 
piatysma and for ms the ■‘supurfioial a nsa 
cervicalîs" with the transverse cervical 
nerve. 

Deep in the retromandibular fossa is the 
exterml catotid artery (11}, which divides 
into the maxittary artery (14) and the sa^ 
per/jciaJ temporal atiery (15). The first 
brandi of the superficial ternirai artery is 
usually the tramverse facial artery (18), 
which, however. may arise as a direct 
b ranch from the external carotid artery 
(see figure}. The extern al carotid artery is 
accompartied by the rerromcmriifH/far vein, 
which is tormed from rhe saper/Ida/ tem¬ 
poral (18} and the maxillary (19} veirrs. 

When the retromandibular vein ru ns su- 
perfïciatly. it anastomoses with the facial 
vein (20) and continues into the externai 
jugular vein (21). ln this case we fmd deep 


accompanying veins (22) of the extemai 
carotid arteTy. The posterior atirïcular 
artery (21) ascends dorsal to the retroman¬ 
dibular vein. Al the superior margin of the 
renomandibular fossa. the superfkiai tem 
poral artery and vein cross tlie 
auricu/otemporo/ nerve (24). which 
emergps from the infratem poral fossa and 
innervâtes the skin of the posterior Tem¬ 
poral région. 


25 Créât auricular nerve 
28 Anastomosas with transverse cervical 
nerve ( "superficial a nsa cemcalis 1 *) 

27 Parotid duct (eut) 

28 Buccal nerve 

29 Facial artery 

30 Masseter 

31 Burcinator 
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PdipticraJ IMerves and Vessels; Head and Netk 


i 

s 


FVTïddle Région of the Neck (A, 8) 

En the middle région of the neck the divi¬ 
sion into layers produœd by the cervical 
fascias is parti eu la rjy dear. 

interfasdai Space (A) 

The ptatysma (1 ) is of variable size and J les 
direct ly bencath the skin. After this integu- 
mentary muscle is removed* the superlatif 
kiyer of the cervical fascia (2) becomes vis¬ 
ible, and if this is divided it reveals the pre- 
traçheal loyer of the cervical fascia (3) 
covering the infrahyoid muscles. Caudal ly 
the région is ïinüted by the srentorfpi- 
domastoids (4)» Just above the jugular 
notch, in the suprastemal space, rhej'ngu 
far venons arch (S) joins the n'gfif anterior 
(6) to the left anterior jugntar vein. These 
veïns may aïso receive blood from deep 
structures through the middle or prerra- 
cheal layer of the cervical fascia (3). 

Deep Layer (B) 

Aftei the pre trachéal layer of the cervical 
fascia bas been removed. the infrahyoid 
muscles and the thyroid gland (7) become 
visible* To obtain a better view of the thy¬ 
roid gland and the entire région, certain 
muscles must be eut, Most medially and 
superTitially lies the stemahyoid (8} and 
latéral to it is the omofiyotd musr/e (8). 
Deep to them lie the thyrohyoid (10) and 
sternefhyroid (II). Ail the infrahyoid 
muscles aie innervated on their respective 
sides by the *dcep" ansa cervicalis (12) and 
by fibers which arise from the superior 
(anterior) root (thyrohyoid branch). 

The thyroid gland (7) lies in front of the cri- 
coid cartilage and the mariiea (13), Its 
latéral lobes (see p. 356) reach the thyroid 
carrifage(14). Between the thyroid and the 
cricoid cartilages ex tends the médian cri- 
cothyroid ligament (15). which is covered 
lateraïly by the crico thyroid muscles (16J. 
On each side these muscles are innervated 
by the externat branch (17) of the superior 
laiyngea! nerve (18). The internat branch 
(19) of the superior laryngeal nerve per¬ 


forâtes the thyrohyoid membrane (21), It is 
accompanied by the superior laryngeal 
artery, which arises from the superior thy 
noid artery (20). 

The drainage of blood from the thyroid 
gland (p.356) takes place via different 
veins, of which the superior thyroid vein 
(22) and the iinpoired thyroid plexus (23) 
are évident in this région. This plexus 
passes in front of the trachea as "inferior 
thyroid vein" which as a general mie drains 
into the left brachiocephalic vein. ITie hro- 
chtocephahc trunk (24). which is situated 
directfy in front of the trachea, proceeds 
obliquely upward, Latéral to the trachea 
and in front of the esophagus, the rerurrem 
taiyngeal nerve (25) courses toward the 
larynx 

rn Variante: ibe jugular vrnous anch can ocuir 
at aity feveî between the hyoid bone aj>d the 
jugular notcfi. Wben it otuipies the position 
direttly beîow the ïtyoid bone, it is design ated as 
the subliyoid venons arch. In rate cases* a vein is 
fciiiïd which ascends from the thyroid gland, 
pénétra les the pmracheal layer of tiw cervical 
fastia. and opens into ttie anterior jugular vein. 
In niany rases, a thyraidea ima anery is présent 
which arises from the brachiocephalic trunk or 
rhe aorta. 




Middfe Région of the toeck 
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A Mkîdle région ofnetk* 
interfascial spate 


B Middle région ûfneck, 
deep layer 
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Peripheral Nerves and Vëssefe: Head and Neck 


Thyroid Région (A-C) 

il ic thyroid gland eonsisrs of art istfmruï 
(H * rigfn lobe (2). and a left lobe (3). Each 
lobe lias a superior (41) and an inferior pote 
(5| TTie sitperior pôles of borli lobes reach 
tbe thyroid cartilage (G), wbile the isthmus 
lies in front of the cricoid cartilage ar>d the 
tracbea. T hus, the mtriion cricothyrvid ligu- 
tnent (7), which connects the crtcoid with 
the thyroid cartilage, remains free + pro- 
vided therc is no pyramidal lobe. Sudi a 
tobe niay sometimes ascend from the isth- 
mus (remuant of the thyroglossal duct), 

Ttic thyroid gland reçoives Us blood bilaieraîly 
Irom the superior (B) and iijjfcrior (9) thyroid ar- 
f'ï>e superior thyroid Artery originales 
h um iheextemut carotld urwiy (Iflj and i caches 
1 lie thyroid gland ai iis superîor perfe where it 
divides iniü anttrôor. posterior, and fnteraf gtan 
drdnr brandies. Fhe amener glandular branch 
gives off a varia bly devoioped cricothyroW branch 
which reaches the médian cricothyiojd ligament. 
The Inlerior tfÿtoîd anery [9) is a branch of The 
tbyrocçrvicol trtmk (fî), which anses from The 
suhe/ariarr artery ( 12 ); it radies the thyroid 
gland ar irs posterior surface, 01 spécial signîfj. 
cance is the relationship of Ihls ;uiery to the re- 
cumtrt laryngeai nerve { 13; B - D ), 

flie blond rettirns through the superiof tbytold 
wins ( 14), which upen into the fmemal jugufor 
mns (tfi} by the commun futfal ceins (1S) r A 
tîiitldlc thyroid veto (t?) eu ns from the latéral 
margin of the thyroid gland directly to the inter¬ 
nai jügular vein. At ii>p inwer end of the riiyniid 
glarwl is the unpaired thyroid verrous pfegus [|B) 
which. as ihe mien or thyrok! vein, sentis blood 
to ihe left brachiaœphalîc vein (19), Sometimes 
a nocher vein may extend from the cramai maigm 
ni the tsrhmus ro the antencr jugular vetn [see 
p.355, Fig, G). 

Clinkal Tlp; In the event of l es pirata ty ob¬ 
struction, caniotomy is performed as an emer- 
gency measure. The (elastic) médian cricochy- 
iük 3 ligament (7). rhe free portion of the plastic 
cône of larynx. is severed transversety. This causes 
gapping (il the incision. Tracheotomy is per 
Idrmed as an emergency operation, The trachea 
is splir lopgituduLilfy, We distinguish belween su- 
pt'rior riïicheoiomy above the isthmus of lhe thy- 
roid gland, middle fractsealomy tlimugh the isth- 
mos h and tn/êrior Irodieotorny below the isth- 


mus. Th t latter Type is ptrlormed in chüdien be- 
cause lhey esdiibii a sufriciently large distance 
berween isthmus and sternum. The twt> otlier 
ways of access are used in adulis. Créai tare 
should be laken wilh lhe jugular venons aide 
and lhe unpaired thyroid i^exus (IS) should be 
taken care or. once the prelracheal lamina of lhe 
cervical fa scia has been severed. FurthermoTe. 
lhe bradtiûcephtàc fn/nfr (20) which ascends 
fmm leli lo riglit may cross the tradiea al a very 
h ig h levei, Dtiring lliymid gland surgery. care 
should also be laken of the flioraric dua (21 X be- 
cause il paisses lhe thyroid ai The lcrwer lefi pôle 
and apens into die teft cenous 00 ^/ 0 ( 22 ). 

Variable Posée ion of t he Récurrent LaryngcaJ 
Nerve (B-D): In addiiion to innervating the 
mucous membrane oF the stibgkriiic space, ilie 
axTunent laryngeal nerve (13) innervâtes ali the 
laiyngeal musdt's othei rhan lhe cricciihyroid. 
txcept in spécial cases ils position is with ap- 
proKimalely etjual freQiiency (,Kcarding lo fane) 
«Ther ventral To (R 27%\ dorsal (c. M>%1 or in 
between (O, 32^.) the branches of tfw' inferiar 
thyitud anery (9), in rhe drawing lorward cl the 
tliyroid gland during surgery, gteat care must be 
laken, as even pullingon the nerve may prnduce 
paraîysis ol the laryngeal muscles, 

VArlanls of the Tiiferior Thyroid Ariety (K-C); 
The infeiior thymid artery is pamcularly variable 
boîh as to ils site af origiti and its coutm*. 1 he in- 
ferior thyroid anery (9) may run dorsal ro the 
verfefjiul orieiy (23) towaid the middte (EJl 
S ometnnes (F) lhe artery may dividc immedi 
ately after it leaves lhe thyrocervical tmnk. One 
branch may tlien lie ventral and theotfiei dorsal 
to the commnfi runofîd urtery (24) and rite inter 
nal jugulai vein ( 16). Finally (C). cite inferior thy- 
ruid artery [9] may anse directjy from the sub- 
davian arlery as the ftrst biandi (in &% of the 
population). In rare cases, îhe inferior thyroid 
aitery may arise eithei itom die vertébral artery 
of from the internai thoracic anery. h may be ab¬ 
sent jn about 3ï ot lhe population, in which case 
its area of supply is laken mer by the supenor 
rhyroid artery and/or by the thyroid ima artery. 
lhe latter may arise directly from the aoitic arch 
or from the bradiioceplialic trunk. 
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358 Perïpherai Nerves and Vésseis: Mead and Neck 



VentrolaCeral Cervical Régions 
(A, B) 

The ventre latéral cervical regioas may be 
divided into a superficial subcutaneous ré¬ 
gion with rhe nerve point, the latéral cervi¬ 
cal région (posterior triangle of the neck J, 
the carotid triangle, and the sternocleido- 
mastoid région. 

The Verïtroiaterai Subcutaneous 
Cervical Région (A) 

Its boundaries aie superiorly the mandible, 
ante ri orly the médian sagittal plane, poste- 
riorty the palpable margin of the frapezius, 
and inferioFly the riovfcfe (l) r The subcu- 
tancous layer contai ns a cutaneous muscle, 
the platysma, large veins, mû the cu¬ 
taneous brandies of the cervical plexus, 
The area in which theso cutaneous 
branches penetratc the superficial layer of 
the cervical fascia is also called rhe nerw 
point. It lies roughly whcre the posterior 
border of the platysma crosses the stemo- 
de ido ma stout After the platysma bas b«n 
removcd, ail the superfïctal vcssels and 
nerves become visible. 

The fesser ocçipîwl nerve (2), which ru ns 
subcutaneously paratlel to the posteFÎor 
border of the stemœleidomastoid muscle, 
is tlie most cia niai. T his nerve, which rakes 
part in the sensory innervation of the skin 
of tlie back of the bead, may divide into 
two branches imniediately after it has per¬ 
fora tod the superficial layer of the cervical 
fascia. The largest ta liber nerve is thegreof 
ûürïaitar nerve (3), which gives off an anfr- 
rior (4) and a posterior (5) hranch that as- 
cend obliqueiy across the stemocleidomas- 
tokl muscle and take part in sensory inner¬ 
vation of the extemal car, At about the 
same plate as this nerve, the fmnsverse 
cervical nerve (6) perforâtes the superficial 
layer of the cervical fascia, runs deep to the 
exierna/ jugular vein (7) and, together with 
the rrrvicof brandi of the facial nerve (8). 
forms the "superficwl onsa cervicûtis” (9), 
The platysma and the overlying skin are in¬ 
nerva ted by this a nsa. Caudal ly, at different 


levels. the medioi (10), imcmiErfïafe (11), 
and la ti r ai (12) si/prartavicutor nerves per¬ 
fora te the superficial layer of the c ervical- 
fascia to innerva te rhe skin of the shoulder 
région. 

Cinkd Tlp: tiseisbergs phenomenon occurs 
on the n&ht side of the shouider as a so-calted 
"faise projection", te., pain may radiale imc the 
righî shoulder due to diseuse of ihe liver or gaï!- 
bladder Pain spreads into dermatomes (C3-C5: 
see val 3). Dtseasrs of rhe pancréas may produire 
pain in the ieft shoulder région. 


Latéral Cervical Région. First Layer (B) 

After removal of the superficial layer of the 
cervical fascia, the posterior border of the 
sfcïTïOdeïdomasrord [ 13 ) and the anterior 
border of the f rapezius ( 14} become visible. 
The pretracheaf layer of the cervical fascia 
(15), which nierges with the prevenebcal 
layer of the cervical fascia in the latéral ré¬ 
gion of the nedt, séparâtes the fir>t layer 
from the oîhers. In addition to the struc¬ 
tures already described above, the externat 
brandi of the accessory nerve ( 16 ) and the 
fropezkis brunch {17} of tire cervical plexus, 
bot h of which supply the trapezius, run in 
this layer. Here we also find the suptT/ïr iat 
cervical vefit (18). which joins the external 
jugulai vein* and the sttperficml cervical 
anvry (19). If the superficial cervical and 
dorsal scapular artories anse to^ther fiom 
the thy roter vital trunk. the stem is called 
the tiansverse artery of the neck, Several 
superficial cervrmJ fymph nodes (20) lie 
aiongside the veins. 

Cervical plexus 

- Roots: ventral ramî Cl ~C4 

- Branches: Lesser occipital nerve 

Créât auricular nerve 
Transverse cervical nerve 
Supraclavicuiar nerves 
Phienic nerve 
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A Subaitarseous i/entrolateraï cervical région 
wfth oerve point (platysma removed) 
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8 Latéral cervical légion; fiiît layer 
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Peripheral Nerves and Vesseis: Head and Ncck 


Venir daterai Cervical Régions, 
continuée) (A, B) 

Latéral Cervical Région, 

Second Layer (A) 

After removal of the pmmdwat loyer of the 
cervical fasdo [1 ). thc omo/rjÆiici 1 muscle (2), 
which is embcdded by tt. licornes visible. 
Cranial and dorsal to the omohyoid* thc 
prctrachcal layer of the cervical Fa scia 
neiges with rhe pivvertebral loyer of the 
terwüf Joscia (3). It lias only a firm texture 
in the omodavieular triangle, which is 
foimed Ijytlv inferior betty (2) of the orno- 
hyoldy the sternoefeidomosfoid (4). and the 
dbvfrfe (5). 

In tiw? omoclavicular triangle thc externat 
jugulai vein (6) and the superficiel cervical 
vein (7) combine with ihe sufidovfcm (8) 
and internai juguior (9) verns at the right 
venous angle to forni the bracftïOfvpfïQfir 
win, The suprascûpukïr vein (10) also 
reaches the venous angle, The order in 
which the veïns joïn shows niarked va na¬ 
bi liry. Ihe suprosoaputor artery (tt) l'uns 
with rhe vein of tiw sa me name just above 
the cl avide, The trunk of the superfïciof 
cervical artery (12) becomes visible cranial 
to the inferior belly of the omohyoid. 


Latéral Cervical Région, 

Third Layer (B) 

After the prévertébral layer of the cervical 
fascia (3) lias been removed. the deep cer¬ 
vical muscles, the sratertus anterior (13), 
scalenus médius (14), secrierms posterior 
(15). k'VQtor scapulae (16). and splenius 
rerviris (17; one of spinotransversales). tan 
be seen. Within the “scalene gap". fomied 
lietween the scalenus anterior and scale- 
nus médius and the 1 st ri b, mn the brachial 
plexus (18) and the suirckivian artery (19), 
In the area of the scalene gap the sub- 
clavian artery gives off the dorsal scapular 
artery (20). which becomes visible behind 
the scalenus médius. Thïs artery may also 
arise from the transverse artery of the neck 


( p. 364). The phrenic nerve (21 ). a branch of 
the cervical plexus from segment C4, ob- 
Mquely crosses the scalenus anterior 
muscle (13). The brachial plexus (IS)giwes 
off its supraclavicular blanches, of which 
the suproscapn/ar (22), long thorade (23). 
and dorsaf scapntor(24) nerves become vis¬ 
ible. 

The cervical fytnplï nodes (25) together 
form a lymphatie Chain, the jugulor trunk. 
that ex tend s to the venous angle. The righl 
venous angle reçoives lymph vessels from 
the right side of the head and neck. the 
right arm (right subdavion minfc} and (lie 
right half of the thorax (rig/rt brunriiomedr- 
osimal trunk), Lymph vessels from thc 
other body régions mn to the Jeft venous 
angle (see vol* 2). 

Brachial plexus 

Roots; ventral rami C5 - Tl 

- S u péri or trunk (C5, C6) 

- Mrddle trunk (C7) 

- Inferior trunk (C8 + Tl ) 

Branches; Supraclavicular part: 

- Dorsal scapular nerve 

- Long thorade nerve 

- Subclavian nerve 

- Suprascapular nerve 

- Subscapular nerves 

- Thoracodorsal nerve 

- Médial pectoral nerve 

- Latéral pectoral nerve 

- Muscular branches 

(Infraclavjcular part: see p. 372) 
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A iater.d cervical région, second layer 


B Latéral cervica I région. t hird layer 


Peripherai Pathways 









Perîpheraï Nerves and Vesseis: Head and Neck 


Ventrolateral Cervical Régions, 
contïnued (A-F) 

Carotid Triangle (A) 

The boundarics of the carotid triangle are 
the srernodddomastofd (1), the omoftyuftf 
(2), and the postmor betfy (3) of tlie dî- 
gasfrk:. The latte r ls fixed liy the sjyfohyoîrf 
(4) to the fiyoid bone (5). 

The comrrton facial vein (6) runs superfl- 
cially; it tecetvcs the venu comitans of the 
hypoglossal nerve (7) and the superior ffty- 
naid vein (fi) before joming the internat 
Jvguiûr vein (9). Wntraf to the latrcr lies the 
coumion cûrorid artery (10) with the 
carorid sinus (11; see vol. 2). 

In 67% of cases, aï [he love) of rhe foui ih etrvtcat 
vertebra, the commun carotte) artery divides into 
the inremuf entorid or iety, (12), winch tons pos¬ 
teriori y, and the externat carat id ttrivry (13), 
which ru ns anteriorly. tn about 20% of cases die 
division octurs «ne vei tebra higher, and în 11% 
one vertebra lowcr, while in îhe remai ni ng 2% 
Theic are parlicularly higli or îow divisions, per- 
haps even completcty outside the carotid tri¬ 
angle. 

The internai carotid artery (12) as a rulc 
lias no branches. 7Tte first ventral branch of 
the external carotid artery (13) is die supe- 
rioi thyroid artery (14) which supplies 
blood to the rhyroid gland (15) and to the 
larynx through ihe si/perior faryngeaf 
artery (16). SomeCimes the superior tf^~ 
roid artery also gives off a stemocWdomas- 
tofd artery (17), which more often anses 
direttly fnom the external carotid artery 
and loops over the hypog fessai nerve (1fi) r 
The lingual artery (19) is another ventral 
branch which ex tends to the longue, me- 
diafto the hyog/ossus (20). The last branch 
with in the carotid triangle is the facial 
artery (21 ), which anses médial to the pos- 
terior belly (3) of the digastric muscle and 
runs towai d the face, The carat id body (22) 
lies in the angle of the carotid bifurcation, 
tt is a paragangMon (see vol. 2) which is 
reached l?y sympathetic libers and para- 
sympathetic fibers. Parasympathetic libers 
also run in the Tienne of the carotid sinus 


(23) t a brandi of the glossopharyngeaî 
nerve. which extends to the carotid sinus 
(11), as well as to the carotid body. 

Ttie hypoglossal nerve (18) ru ns latéral to 
both carotid arteries and at tïie beginning 
of its arch it gives ofî the superior root of 
the “deep" tmso rervicûffs (24). Tlie filie rs of 
this root arise from the ftrsr two cervical 
segments, Hke those of the riiyrohyold 
branch (25) which supplies the thyrohyoid 
muscle. Descending along the common 
carotid artery, the superior root joins the 
inferiot root of the “deep" anso ccrvka/is 
(26) from C2 and Cl. which attends larcr- 
ally or médially across the internai jugular 
vein to form the “deep" onsa œrvJcoJÈ& (27)* 
This innervâtes die reniaining infraiiyoid 
musdes. 

Médial to the external carotid artery lies 
the superior laryr\geal nerve, whose infer- 
nat branch (28) reaches tlie larynx rogetlier 
with the superior latyngeal artery (16). T lie 
superior laryngeal nerve is a branch cl tlie 
irçgus nerve (29), which runs between tlie 
internai carotid artery and tlie internai 
jugular vein and which is only separated by 
the prévertébral layer of the cervical fascia 
from the symparhciir tnmk (30) and its su¬ 
perior rendra/ ganglion (31}. In tlie supero- 
posterior angle of the triangle we fmd tlie 
external brandi of the accessory nerve £ 32). 

H Variants Only the position of the ex- 
lernal and internai caroûd aneries. and die engin 
of therr tliree ventral branches are discussed 

here. 

According to Fâf/er. in 49% of cases the internai 
carotid arleiy may arise dorsulatéral (B) to the 
external carotid artery from rix 1 common carotid 
artery, and in 9% tt is veninomedUJ (Cf Ail iitfKT- 
médiate positions are possible. 

A tbyrolingual mink (D) may he fuund in 4 % of 
cases, a linguofaciaL trunk £E) in 23 % and a thy- 
rolinguofarial trunk (F) in 0 . 6 %. 
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A Carotkt triangle 


B,C Variation in position 
ût extemal and internai 
carotid arieries (aFler Foffleir) 


D - F Va riants Of venti al branc lies 
of extemal carotid artery 
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Peripherai Nerves and Vos sels: Head and Neck 


Ventrolateral Cervical Régions, 
continuer) (A) 

Stemodeidotnastcfd Région {A) 

The sternodeidomastoid région only be- 
comes visible after rénovai of lhe sfemo 
cleidomastoid (I) and omobyojd (2) 
muscles. lt joins the carotid triangle to rhe 
latéral région of the neck. When the ster- 
nocleidomastoid région is exposed. thc 
large vcsscïs and nerves which run 
through lhe neck can be seem 

The largest artery. lhe common rarotid 
ürtery (3), as rend s obliquely. lt di vides into 
the exfemal (4) and Infernal (5) carotid cr¬ 
ier ies. The level of the division and varia¬ 
tions in its position are descri bed on page 
362, 

The anched inferior thyroid arteiy (6) run- 
ning to the rtiyrord gland £7) is covered by 
lhe common carotid artery. Tfiis artery 
a lises From the thyrocervical Irunlf (8). 
which branches off the subclûvfàn artery 
£9) jost befote it enters the scatene gap. 
The thyrocervical trunk also gives off the 
suprascapular ûrteiy (11), which crosses 
ventral to die scafcnus onferior £ 10 ) T the su- 
pcrficial cervical artery (12), which lies 
c|uite super finally, and the flsccndmg cervi¬ 
cal artery. t he vertébral artery (13) is the 
ilrsr ascendfng branch of rhe subclavian 
artery. After the subclavian artery has en¬ 
te ned the scatene gap, in abolit 60% of 
t>eople ir gives off the dorsal scapular 
artery (14), which î uns behind rhe sca tenus 
médius £15) and in front of the srafenus 
posferioj (16). and ma y divide into ascend- 
ing and descending branches. In the ce¬ 
rna inder the dorsal sca polar artery a ri ses 
with the soperficial cervical artery (12) 
front the thyrocervical trunk. The common 
origin is then catled rhe tra ns verse cervical 
artery. 

Dorsal to the common carotid artery. the 
large fntemol jr^gutar vdn (17), into which 
the facial £18 ) and middle thyroid £19) veins 
open. is seen to descend, lt joins rhe sub¬ 


clavian veïrr £20) to form rhe nght brachia- 
cephalic vdn £21 ). The externat jugular vein 
(22). which joins rhe transverse cervical 
vein (23). and rhe sîipmsrapular vein (24) 
also reach the right venous angle, 

Lymph vessels (25) from the right hall of the 
head and nerk and from the rïghr upj'jer limb and 
the right haïr of rhe thorax also run into thc right 
verrous angle. 

The “deep" cervical ansa (26). which inner¬ 
vâtes the infrahyoid muscles, lies on the 
common carotid artery £3). Il is formed 
from a st;pmor roof (27), which, at its 
origin, runs together with lhe hypcglossol 
nerve (28) and the inferior mol (29). Dorsal 
to the internai jugular vein runs the 
phrenre nerve £30). which stems front the 
Fourrh cervical segment and uses the sca- 
lenus anteriüc as a guiding muscle, The 
w/gus nerve £31 ), which gives off a superior 
£32) and an mjfrrior cervical confiac branch 
£33), also form s part of the neurovascular 
bundle, 

The sympafhcric frank £34) with its supe- 
rior cervical ganglion (35), the sometimes 
absent middle cervical ganglion (36). and 
inferior cervical ganglion are sqwrated 
front the vagus nerve by the |>revertébral 
layer of the cervical fascia, The inferior cer¬ 
vical ganglion is usually fused with the first 
thoracic ganglion, forming theslellalegan¬ 
glion (37), which lies on the head of the Ist 
rib ntedial to the vertébral artery £13). The 
sympathetic trunk (34) fomis the fhyrard 
foep (38) around thc inferior thyioid artery 
(6) and gives off the cervical cardiac mTves 
(39 ) T Deeply, the récurrent Icrryngeol nerve 
(40) lies on rhe trachea. 
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A Sternodeidomastoid région 
(f ommon canotki artéry pu l ied 
in anterorredijl direction) 
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Peripheral Nerves and Vesseis: Hcad and Neck 


ScaJenovertebraJ Triangle (A) 

The margins of rhe scalenovertebral tri- 
angle are rhe fongus eof/r (1) ± the seatenus 
anterior (2), and the eu pu la of rhe pleura. 
The pie vertébral layer of the cervical fascia 
envers rhe triangle and 1rs contents can be 
seen oniy afler removaJ of tlie fascia. 

The subetovitm artery (3) lies on the eu pu la 
of rhe pleura, from which connective tîssue 
fiber bands (the cosropleural ligament) run 
to the îsi rib. lis ftrsi ascending branch is 
the vertebra! artery (4). which crosses ven- 
tralïy the roots of the brachial plexus /rom 
Tl (5) and CB (6), to reach lhe vertébral 
Column at lhe trans verse foi amen of the 
stxth cervical vertebra. Dorsal to the verté¬ 
bral artery (4) ru ns the vertebra/ vein (7) 
which leaves rhe vertébral column at the 
transversarium foramen of the sevenfh 
cervical vertebra. Adjacent to the vertébral 
aiiety. the fhyrocervica/ trunk ascends (see 
p, 364), followecî by the costocervicaf trunk 
(S), which gives off rhe deep cervical artery 
(9). the bighest inierrostof tir/ery. and P 
rardy. a dorsal sccpu/or artery (10) of ab¬ 
normal origin. The miema/ thorack artery 
(11) extends caudally, running paraster- 
nally with the interne/ tborade veto (12) to 
reach lhe recrus sheath(see p,398). 

Ventrally, tl’te subclavjan artery and its 
branches on the tefi side are crossed by the 
t/ioranc duct (!3) T which forms a cramai ly 
convex a*rh. ITio thoracic duct ope ns Lnto 
the lefl venons ang/e (14), which is formed 
by the juncrion of the mrenio/ji^iv/ûr (15) 
and st/befavian vnns (16). 

The roots of lhe brachial plexus out of 
C5“T1 run deep down, while the sympo- 
fhefic trunk (17) runs superfrcial to them. 
At rhe level of the sixth cervical vertebra. 
the sympalhetic trunk often contains a 
nrrdd/e cervical ganglion (18) lying on the 
scalenus anterior (2). Caudal to the gan¬ 
glion, the sympathetic trunk tügether with 
the superfor cardia c nerve (19) form lhe 
«nsa thyroidea (2(1). through which passes 
the inferior thymid artery. The sympa- 
thetic trunk gives off the ansa suhetavia 


(21), which winds arcund the subdavian 
ane ry (3). This an sa subdavia extends to 
the inferior cervical ganglion which fuses 
with the fjrst thorack ganglion to form the 
sf d/a te (cervicothoracic) ganglion (22). The 
latter lies on the head of lhe firsl rib, The 
inferior cordioc nene (23) arises from it II 
runs in a groove formed by lhe fraefrea (25) 
and the esophagos (26). 

CUnkal Tlpe Présence of a cervical rib may 
cause the cctvkal rib syndrome. This is associated 
with pain çoming from the brachial vessels and 
from the branches of the thiee fcsckrtos. în par- 
ticular, in (lie région Suppl kd by the ulnar neivc. 
In addition, one should palpate in tîie gieater 
supraclavicular fossa. 

Hcwwer* the pain coming from wsseLs and 
nerves may also occur in tiïc absence of a cervi¬ 
cal ritx This is called the scateitusantinis syndrome 
The pain is caused by hypenrophy and hyperto- 
nicity of the scalenus anterior musde, 

Tl te supraclavkulai Jymph nodes, the efUrent 
vessds of whrdl open direct ly into the left 
venous angle, may contain lymphogenic distant 
métastasés derived from a gastric carcinoma 
(Vîrchow's TrotekTs signal nodes). 


27 Ph renie nerve 

28 Left brachioeephaltc vein 

29 Scalenus médius 

30 Scalenus posterior 

31 Levator scapulae 

32 Trapezius 

33 Clavicular part of the pectoralis major 

34 Left common carottd artery 

35 Lefl vagus nerve 
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A Scalenevtzrtebr.il triangle 

(common carotid artery. subdavian vein, 
and vagus nerve puJled in latéral direction) 
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368 Feriptiera] Nerves ami V«$$eis 


Upper Limb 
Régions (A-C) 

Supcrficially, there is no clear démarcation 
between the free upper limb or its root and 
the thorax, bot by dissection ir is possible 
to sej>arate the mainly muscular connec¬ 
tion of the arm togelher with its root from 
the thorax. The free limb and its root musr 
be consideted together for p] ope r under- 
standing of the topography of tlie periph- 
eral neurovasailar pathways, The follow- 
ing régional subdivisions are made for 
Praet ical porposes and aie not founded on 
development. 

Régions a round the Shouider 

Anteriorly therc is the infradavicular fossa 
(1) with rhe ddiopecforaJ irmpgte (2) 
through which the peiipheral pathways 
extend to the arm, î. e,, the central part of 
the axillary région (3J with the axütary fossa 
(4). latéral to the shoulder joint is the det* 
toid région (S), onto the dorsal stde of whirh 
adjoins the scapular région (6). 


Régions of the EJbow 

The anterior cubital région (10), rhe renier of 
whicli is represented by the tubitcf fossa* 
adjoins the anterior brachial région on the 
flexor side, With in the cubital fossa the 
vascular and nerve bundles djvide, The pos- 
terior cubital région (11 J, which lies doraily. 
contains muscles and only smalier vascular 
networks. 

Régions of tbe Forearm 

The anterior région of forearm (12) lies distal 
to the cubital fossa and contains the large 
vos sels and nerves between the flexors, 
The dorsal part is Formed by the posrerior 
région of força rm ( 13). 

Réglons of the Hand 

In the wrist. there is the transition to the 
palm (14). which extend s from rhe midcar- 
pal joint to the metararpophalangeal 
joints, The dorsum of the hand (IS) h as the 
sa me limïts. laterally. between the dorsum 
of the hand and the palm Is the radial fovea 
(16) containing the radial artery 



Réglons of the Arm 

The arm is organized tnto an anterior région 
ofarm (7), the bas ic comportent of which J s 
the flexor muscles, actd a posterïor région of 
arm (B), oçctipied by the extertsors, Within 
rhe anterior brachial région, lhe media! 
hfripifrif groove (9) deserves spécial atten¬ 
tion because it lies in front of the médial 
intermuscular septum and corresponds to 
the main pathway raken \yy the brachial 
vessels and nerves passing from lhe axilla 
to lhe cubital Fossa. A toléra/ bicipital 
groove is desa ibed m front of rhe latéral 
intermuscular septum; in it the cephalic 
vein courses superficiaHy (subcuta- 
neously). 


Réglons of the Carpus 

The anterior région of wrist (17) lies on the 
pal ma r plane between the anterior anie- 
brachial région and the palm of the hand 
The posierior région of wrist (18) lies on the 
dorsal plane. 
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0 Posterior view of régions 
of upper lîmb 


A Anterior view of régions 
of upper limb 
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Péri prierai Nerves an à Vesseis: Upper Limb 


Deltopectoral Triangle (A, B) 

The davic/e {1), the deltoid (2X and the pec- 
tordis major (3) forrn the proximal, latéral, 
and médial boundarïes of rhe deltopectoral 
triangle. Distally. it mergcs into rhe del- 
topectoral groove. Sjnee the widtil of the 
base of the triangle is qui te variable, it is 
possible to sépara te the rfavicutar port [4) 
of the pectoralïs major fromihe davicle and 
to reflect it downward. 

Süperficiai Layer |A) 

Superficially, the pectoral fa scia in the ré¬ 
gion or the triangle shows a slight déprés¬ 
sion. Between the clavicle (1}, trie coraeoid 
process (Il 5), and trie porto ralrs mrnor (B 6), 
the ofnvrpertoraJ /nscrcr (7) stretches from 
the deep sut face of the deltoid to the deep 
surface of the pectoralïs major. This fascia 
dïvides the triangle into two compati- 
ments. 

In the superfitfal layer the cephatic vem {8] 
reaches the triangle through trie ddtopeo 
(oral groove. It pénétrâtes the clavipectoral 
fascia to end tn the axillary vein (B 9), The 
cephalit vein is joined by branches from 
the surrounding aieas, latéral to the 
cephalic vein. the rhoraco-acromiaf nriery 
(B10), which stems from the axillary artery 
pieices the davipectoral fascia (7). It 
divides into ctavicviûr (11), oamtâûl ( 12 ). 
deltoid (13), and perfora/ (B 14) brandies. 
Trie pectoral neuves ton together with the 
latter vessels and may penet rate the fascia 
davipec fora lis as a corn mon trimk (15). 


mrnor (6) the vessels and nerves lie more 
deeply. Trie suprascapuJar artery* vrirt and 
nene (21) can be seen lying very deep in 
the latéral part. 

The superficial compa riment sometimes 
conta ins lymph nodes (not shown in the 
dragram). Triey drain lymph from the 
lymph vessels that nin a long the cephalic 
vein. They are in conrinujty with trie deep 
infraclavicular nodes (not shown). 

H Variants: IL is twimon to find A vein ( 22 ) 
looping superficially d round the cLavjcîe inter- 
cornwainfi the axillary vein with the subcLsvian 
vein, protiurîilg a wnou*, ring. The cepluîic vein 
may stimetimcs bc poorly dcveloped 



Deep Layer (B) 

Trie deep layer contains trie vessels and 
nerve bundles that supply The upper Jimb. 
Distal to the subdovius (16) from médial to 
latéral are the axillary vein (9), oxrJ/ary 
artery (17). and three nerve cords. which 
are the infraclavicular portion of rhe 
brachial plexus. Ihey are the superficially 
situated latéral cord (18). which may al- 
ready hâve dividée! into its branches, the 
posterior tord (19), and the media/ cord 
(20). At the upper border of the pectoralïs 
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A DeltopectoraJ triangle, superffrtal iayer 



8 DelTopectoral triangle, dæp layer 
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Axlllary Région (A) 

The vesseb and nerves to the upper limb 
rttn through the axilia, Tlie boundaries of 
the axtlïa are the pectoralis major (IJ and 
pectorafts mrnor (2) anterioriy and Mie 
faiïssimns dorsi (3) posteriorly. The 
thoracic wall with the serratus antenor (4) 
lies médial ly, and laterally there îs the 
humérus with the sftorr head of the biceps 
brachii (S) and the comcobmchiatis (6). 

Most media! of ail is the axliïùty vern (7) 
foi med from the brachial veins, It runs cen¬ 
tral ly, receiving a larger number of s ma II 
veins. It is joined in the deltopectoral tri¬ 
angle (see p,370) by the cephaJrc vern (8). 
The axttîary artery (5), which lies latéral to 
the vein, gives otï the fhoraco-ücnoinfaf 
artery (10], with its pectoral (H), ûcrontfûf 
(12), and dehoid branches, A latéral 
thorack artery (13) arrses from the 
rhoraco-acromial artery in 10% of cases 
(see figure), or direct ly from the axillary 
artery, Another brandi of the axillary 
artery, the sr/fiscûpu/ar arteiy ( 14], gives off 
the fborocüdorsd [1SJ and rircum/lex 
soapufar arteries (10). t he last branches of 
the axillary artery are the ortferior (17) and 
posterior circumflex humeraf nrteries (18). 

Ar the tendinous insertion of the latissimus 
dorsi (3). ri’te axillary artery continues as 
the brachial artery (19) and gives off the 
profunda brachii artery (20) as its ftrst 
bran ch. 

The three cords of the brachial plexus Me in 
the axillary région médial, latéral and pos¬ 
te rior to rhe axillary artery, and there 
divïde into varions branches. The (>osterior 
cord gives off rhe axrtfaiy (21} and radial 
(22) nerves. Accompanied by the posterior 
circumflex humerai artery and vein (18), 
the axillary nerve (21) passes through The 
quadrangular space (see p. 374) towaid the 
deltoid (23) and terre minor. The radial 
nerve (22) ru ns in the media! bicipital suï- 
cus accompanied by the profunda brachii 
artery (20) with which it runs into the sul- 
cus for the radial nerve. The media J (24) 
and Jotera/ cürds (25) form the (often du- 


plicated) médian bifurcation (mediaf and 
latéral roots], from which the médian nerve 
(26) continues superficial to the axillary 
artery, The médian nerve, accompanied by 
the brachial artery, then enters the médial 
bicipital groove. Other branches of the mé¬ 
dial cottf, the uinar nerw (27). the media J 
antebracfrtaf curaneous nerve (28) and the 
médial brachial cutaneous nerve (29) also 
reach this groove. Branches of intercostal 
nerves 1-3 join the médial rutaneous 
brachial nerve as rnteirostobracfiM fîmes 
(30). 

The latéral cords give off. apart front the 
latéral root of rhe médian nerve (here du- 
plicated), the musn/locutaneous nerve(31), 
which pîerces the coracobrachialis. 

On the wall of the thorax, the long ihomnc 
nerve (32), aiising From the supraclavicular 
part of the brachial plexus, descends on the 
latéral surface of the serrât us antenor and 
innervâtes it, The subscaputar nerve (34) 
lies on the sub^capularis (33) and may give 
off the fftorucodorsof nerve (35) to inner¬ 
vai? ihe tarissimus dorsi (3). 


Brachial plexus 

(Roots and supraclavicular pan, see p. 360) 

- Infraclavicular part 

- Latéral cord 

« Musculocutaneous nerve 

- latéral root of médian nerve 

- Médial cord 

- Media] root of médian nerve 

- Ulnar nerve 

- Médial brachial rutaneous nerve 

- Médial antibrachial cutaneous 
nerw 

- Posterior cord 

- AxilJary nerve 

- Radial nerve 
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374 Peripheral Serves and Vessels: Upper ümb 


Axillary $pac«S (A-D) 

The slillike opcrting between the teres 
ntinor (t) and te res major (2) and lhe 
humeras (3) is divided by the long Jieüd of 
fhe triceps brachii (4) tnto a quadrangular 

space and a truingular space. 

Thraugh the quart rartgular space the n*if- 
fary (cïrcumflex) tterw (SJ rcachcs lt>c dor¬ 
sal side. This nervc provtdes a branch (6) to 
lite reres mi not and then burics il self in the 
deltoid (7). ït also innervâtes lhe upper 
latéral skin area via the xuperior ta ferai 
brachial cutaneous nervc (8). The axillary 
nerve is usually accompanîcd by the poste¬ 
nt' drcumflex humerai artery (9), and the 
commonly paired posterior circrum/Tex 
humerai veins. The artery supplies lhe del- 
toid. the long l>ead of the triceps brachii (4) 
and the latéral head of the triceps brochfj 
( 10 ). 

The crrnjm/ïex scopulnr orteiy (11) rurts 
Ihnough the triangular space to the dorsal 
surface of the scapula on which it anasto¬ 
moses wilh the suprascapular artery. The 
ajtery is accompanied by the drçumflex 
scapular vdn. Decply a iwig (12) from the 
subscapulai nerve, which innervâtes rhe 
teres major (2) can be seen. It does not run 
through the niangular space. 


H Variants (B-D): The posterior tircunïfiex 
humerai artery (9\ which usually (B) runs 
through the quadrangulat space, anses as une of 
lhe îemtmal branches of the axillary aneiy. It 
often has a common origrn with the subscapular 
artery. Distal to the teres majoi Rndou, the pro- 
funda brachii artery (13 J anses as the hrst branch 
of the bruefan/ orrery (14), ln about 1% of cases, 
açcording to Lariz-Wüfhsmyfh, the prtifunda bra- 
chii anery (13) anses £t) from the porterior 
humerai circumflex artery (9) In thèse cases the 
prnfunda brachii artery runs dtsUiward dorsal to 
the tendon oJ the teres major lu 16^ of cases (D) 
the origin of the posterior cirtumllex humerai 
artery £9) is fi-om a typical prnfunda brachii 
artery (13)„ and în those cases the posterior cir- 
cumflex humerai artery dues not traverse lhe 
quadrangular space. 


15 Radial nerve 



Axillary Spaccs 
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376 Peripheral Nerves and Vessels: Upper Limb 


Anteiior Région of Arm subtufaneously to the ixîlla They are usu- 

ally more nu mérous and larger than those 
Subcutaneous Layer (A} that accompany the tephalic vein. 

The coarse. firm brachial fascia (1) sun Brandies of the mediaJ bradimf cufoneous 

rounds the muscles of the arm. On the me- nerve (SJ innervate the skin from rhe axilla 

dial and latéral side from the humérus* the downward. In addition, they are joïned by 

intermuscular septum radiâtes into it (sec the jntercostobrachfflt nerves (9) from T! 

p. 180) ro form two compartments. the and T3, which innervate a striai I cutanemts 

ante ri or and poste ri or compaitment of area on the inner surface of the arm, 

arm. The subcutaneous vein s, nerves and 

tymph vessels run superficialty to the m Variante Ihe position of the basilic hiatus is 

brachial fascia. In inflammatory conditions ver y variable. Jt may lie iinmediateîy ai ihc 

the lymph vessels may be seen through the transition to the cubital région. The cephalic vein 

skin as fine led lines, sometimes absent. 



The cephaiic vein (2) runs on tlie latéral 
border of the biceps brachir. le c a trie s 
blood from the radial side of the hand and 
tl>e foreami via the deltopectoral groove to 
the deltopectoral triangle (see p. 370). The 
veins are atcompanied by the loferai super- 
ficiat tymph vessefc (noï shown) which 
iranspnn lymph from the two radial digits. 
the radial part of the palm. and the forearm 
(sec p. 370). 

The médial bicipital groove shapes the 
brachial fascia on the médial side of the bi¬ 
ceps hrafhii, and in ils distal lia If the us li¬ 
ai ly well developed basr//c wtn (3) runs 
subcutaneously. This vein pierres the 
brachial fascia at the basilic hiatus (4) and 
runs deep to become one of the veins ac¬ 
company ing the brachial artery In the sub- 
cutaneous part of its comse in lhe arm it is 
accompanied by the médial antebrachiat 
cutanemis nerve and its branches; the ante- 
rior brandi (5) runs latéral to the vein and 
dosely adhères to it, while the posterior 
frranrh (6) lies médial and a short distance 
away from it. 

Near the basilic hiatus, in about one-third 
of cases, cubitof (sonie of them named su- 
prarrochfrar) tymph nodes (7) am found 
which act as the finît filtration point for 
tymph from the three ulnar digits, The me- 
dial supeificiat lymph vessels run along the 
médial bicipital gioove; they may accom¬ 
pany the basilic vein. or they may mach 
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Anterïor Région of Arm T 
continued (A-E) 

Médial Bicipital Croove (A t 8) 

The medtal bicipital groove is bounded on 
one sidc by the biceps brac/in of the arm (1 ) 
and on the other by tlie médial intermiiscu- 
lar septum (not shown) and the fr/Ceps bra- 
cfiri (2). It contains the blood vessels and 
nerve s to the upper limb. The niedinl crnte- 
brachiat cuttmeous nerve (3) is the most su¬ 
perficiel structure. and il s amener branch 
lies on the bas f/te vdn (4). Roth leave the 
médial bicipital groove af the basilic hia¬ 
tus, which may lie ar various levels. The 
basilic vein may drain inio the brachia/ 
veina (S), or it may onty join the axülary 
vein in fin? axilla (see Fig. A). 

Furthest médially runs lhe ubiar nerve (6). 
lying on the médial intermuscular septum. 
At the border between the middle and the 
distal thïrd of the arm. the ulnar nerve 
pénétrâtes the médial intermuseular sep¬ 
tum and runs dorsally from the septum to 
the dorsal side of the médial épicondyle of 
the humérus. 

The médian nerve (7) runs latéral to the 
basilic vein ami crosses the brorbiol artery 
(S) from the latéral lo the médial side. The 
brachial artery, which is the deepesr struc¬ 
ture throughoui the enrire length of the 
médial bicipital groove. gives off a sériés of 
branches. 

In addition to muscular branches (9). the 
brachial artery gives off the profunda bra¬ 
chii artery (10) in the proximal région of 
the médial bicipital groove. More il joins 
the radia/ nerve (11 ) and leave s the inedial 
bicipital sulcus wilh it at the level of the 
margin between the proximal and middle 
rhird of the arm, Then the profunda brachii 
artery runs wtth the radial nerve in the 
radial groove on the dorsal surface of the 
humérus and ends as the radia/ collateral 
artery after giving off the med/û/ 
cotkneral artery. Gther branches of the 


brachial artery indu de the superior u/nor 
collateral artery (12)* which accompanies 
the ulnar nerve (dorsal to it) and the infe- 
rior ulnar collateral artery (not visible). 


■B Variants |C-€): The relatitmship between the 
médian nerve (7) and brachial artery (8) and iis 
brandies may be variable, Although* attordîng lo 
Lan/, the médian nerve foliows a typieal couse 
in 74% of cases a super/ïcwf btathial artery {13]l 
which arises fmm ihe brachial -artery may nui 
superfidal to the médian nerve. In rhat case the 
brachial artery may be comptrtely rudimentary 
(in 12% of cases accnrdmg to fan/), or it may 
divide into two arteries ai variable levels (14%). 
The profunda brachii artery may arise (ogfther 
with the pnsieiini drcumPex humerai artery 
(see p. 374). 
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Pérlpheral Nerves and Vessels: Upper Limh 


Posterior Région of Arm (A, B) 
Sübcutaneous Loyer {A) 

Hve deftüïd fascia (1) and the 
(2) invest tl>e muscles. Subcutaneously. 
there are mainly the culaneous nerves in 
addition to s ma 11 a rte rial branches and 
délicate veins. Branches of the superior 
latéral cutaneorzs nerve qf arm (3), which 
a ri ses from rhe axillary nerve. pass at the 
inferior margin of lhe deltoid muscle 
through the fascia. The branches predomi- 
nantly supply tbe skin cwerïng lhe deltoid 
muscle. Howevei' the démarcation a gains! 
the area supplied by lhe tn/erior latéral cu- 
tarieous nerve of arm (4) varies. 

The inferior latéral culaneous nerve of ami 
(4). which branches from the radio! nerve 
(B 5). is often accompanied by a smaller 
aileiy and vein where is passes through 
the fascia. ir supplies tbe distal skin région 
on the latéral si de np to the etbow. The 
bronches (6) of the posterior cutaneom 
nerve of arm (B 7), which arises proximally 
from the radial neive (B S), reach the dorsal 
surface of the upper arm and suppJy it. 

Subfascmi Loyer (B) 

Afler removal of the brachial fascia the long 
heaâ (8) and tlve füfcra! heod (9) of the tri¬ 
ceps brachii (10) can be severed, This per- 
mils démonstration of the radial grocve 
and the structures lying in it. The radial 
nerve (5) mns from medioproximal to 
laterodistaJ. 

Ils first proximal branch is rhe posterior 
culaneous nerve of arm (7). In the région of 
îbe radial groove the radial nerve gives oFf 
üw musadür Èranches (11) and. distally to 
lhese. rhe inferior latéral culaneous nerve 
of arm (4) r 

Together with the radial nerve runs rhe 
deep artery qf arm (12). which is usually as¬ 
sociât ed wîth two accompanying veins. 
Kight afrer branching off the brachial 
artery (see p.37R), this arlery often gives 
off a smalJ branch to the deltoid muscle, as 


do the nutrient arteries of humérus. The 
middfe collateral mtay [13) branches off in 
the radial groove; il is accompanied by a 
muscular branch of the radial nerve (11). 
This artery. Hke the terminal branch of the 
deep brachial artery, the radial collateral 
artery (14), reaches the articuler rete of 
elbow. A branch of the radial collateral 
artery becomes visible at lhe anierior 
aspect berween the brachialis and bra- 
chioradialis muscles, together with the 
radial nerve, and anastomoses with the 
radial récurrent artery (see pi 384). 

Clinkal Tlfc Fractures ai ïhe humerai shali 
endanger the radial nerve When reposiiioiiing 
the fragments, one should lakc spécial care ni 
this nerve. 


15 Anterior and posterior branches of lhe 
médial culaneous nerve of foreami 

16 Basilic veto 

17 Middle head of triceps muscle 
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382 Peripheral Nerves and Vessels; Upper Umb 


Cubital Fossa (A-C) 

Subcutaneous Layer {A) 

The anlerior cubital région a? the berid of 
the elbfiw is not sharply demarcated from 
the ante ri or brachial région and il is just as 
poorly demarcated from the forearm Nor¬ 
mal ïy tlx.' term cubital fossa refers to an 
area 2-3 fingers in breadth proximal and 
distal to the articular space. 

Sulfura neously there is a variable ammwt 
of well-devcloped falty fissue contai ning 
veins, nerves, lympharics, and lymph 
nodes. Tïie cutaneous veins of the subcu- 
tanenus layei aie very important clinicaJly T 
as the cubital fossa as a ru le is the région 
for i ni rave nous injections and for taking 
blood sam pies, etc. 

Actording to the development of the 
venons System, the course ta ken by the 
veins, as weli as their caliber. fluctuâtes 
widely, 

The bastfic vén (1)- which is eonimonly 
welhdeveloped and easy lo see beneath 
the skin. rnns medially. it is usually con- 
tinuous wirh lhe ünrefcrüchrüJ basiiïc wirv 
(2, basilic vein of foieami). but it may corne 
from the médian a ri f enracinai win. Many 
oiher variants (B-C) are possible. 

In lhe région of the basilic hiatus (3) the 
basilic vein becomes subfascial. It is ac- 
companied by branches of the médial ante- 
brachiai rufaneoas nerve (4). Often (33% of 
cases) there are lymph nodes neaF the 
basilic hiatus (see p. 376). The cephalic vein 
(5) ru ns atong the latéral maTgin of the 
cubital fossa. It is always palpable but not 
always visible, and in many instances it is 
not as weli developed as the basilic veim 
The cephalic vein in lhe distal part of the 
région accomplies the latéral arife- 
brachiaf enta néons rrerve (6). which is the 
terminal brandi of the musculocutaneous 


A médian cubital vein (7) normally unités 
the basilic and cephalic veins. There is ai- 
most always a deep médian cubital vein (8k 
which joins the superficial and deep veins. 

M Variant5 {B-C): There are numerous variants 
nf the subcvjtaneous veins. Thus, the cephalic 
vein (S) and lhe basilic vein (1) may continue 
from a médian amebrachial vein. There is also a 
considérable range in size of the r\NO inain cu- 
taneous veins. The médian cubital win rray 
sometimes be absent (E). 

tm Cünkal Tlpc Intravennus injections in the 
cephalic vein are less painfuf as it is not tloseïy 
related to any nerve. In sortie individuals. partie- 
ulaify those wîth poorly dewloped subeu- 
taneovs falty i issue. the veins arc eastly dis- 
plaoed and are known clinicalfy as "mlling veiiC 
as they haw to be fixed dunng injection. 


9 Cubital lymph nodes 
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Perïpheral Nerv« and Vessels: Upper Limb 


Cubital Fessa, continuée! (A—F) 

Deep Layer 1 (A] 

After removal of the fasria. the muscles 
which ïioider the cubital fossa licorne vis¬ 
ible, From the proximal mafgiri the breeps 
brachfi (I) with its tendon ru ns towartl the 
radial luberosity, and with its indpfla/ 
apofieunosïs (2) towarti the antehrachial 
fnscia. U partly covers the btndirufis £3)* 
which is insertecî into the ulnar tuberosrty. 
On the médial stcîe, arismg from the médial 
épicondyle, the pronator fores (4) and the 
superfïcial fierais of the hand run distally, 
and on the latéral side the fossa is bounded 
by the fomt/ïïorutïiüjrs (SJ, 

The oeurovascular bundle, which descends 
from lhe médial bicipital prouve [see 
p, 378), splits up within the cubital fossa, 
The bradimf arfery (6), eovered by the bi¬ 
cipital aponeurosis (2) gives off the radial 
artery, The ri/dtaf artery (7) ru ns distally 
superficiel to the flexors oftbe forearm. 

In the cubital fossa lhe médian nerw [8J 
leaves the brachial artery and runs distally 
l>etween the two beads of the pronator 
tares, which it also innervâtes. The u/nor 
nerve (S) leaves the médial bicipital gnxive 
btfore it reaches the cubital fossa and runs 
dorsal to The médial épicondyle. The radiot 
nerve £10) becomes visible belween the 
brachia lis (3) and the brachioradialis £5) 
and divides into a smaller, sensory, superfi- 
dfl/ bmnrb (11) and a tarder, piedomi- 
nantly motoric, deep brunch £12). The su¬ 
perficiel brandi supplies cutaneous libers 
to the radial half of the dorsum oftbe hand. 
the thumb, and the dorsal surface of the 
proximal phalanges of The second and îhird 
rîigits. The deep branch pénétrâtes the 
supfnntor £ 13), winds Lateratly around the 
neck of radius, innervâtes the radial and 
dorsal muscles of forearm, and terminâtes 
as posterior mterosseous nerve. Tins nerve 
provides sensory supply to the wri s t joints, 
the intemsseous membrane, and parts of 
the périosteum of radius and utna. 


Deep Layer 2 (8) 

After severing the bicipital aponeurosis (2), 
the division of the brachial artery (6) li¬ 
cornes visible. Its First branch is the radial 
artery (7). The radial récurrent arrety (14) 
branches ofF either from this artery or al* 
ready from the brachial artery and ruas 
along the radial nerve £10) in proximal 
direction. Il anastomoses with the anterior 
branch of lhe radial collateral artery. At the 
tevel of the proximal margin of the supina- 
tor [13}. the brachial artery gives off the 
u/nür rerurrenf arfety (15). Thereafler, the 
brachial artery divides into the rommon in- 
terosseous artery (16) and thé ufnar artery 
(17 )l The Ialler passes hehind the médian 
nerve £8) and the pronator teres(4), The in~ 
dividuat arteries are accomparied liy veins 
thaï are paiied in mosl cases. 

H Variant» (C-Cfc ‘lhe médian nerve usually 
{approx. 95%) mm between lhe twu heads of lhe 
pronator ter es (C), Otc&Monaüy it picrces the 
humerai hedtf ( l*> <at the pronator teres (barely 
2%; D). In about 3% ut cases, lhe médian nerve 
lies diroetty on the hune and runs deep to the 
iwohcads ul the pronalui tercs (t). In sut h cases 
a fracture of the pitixinial part of the radius and 
ulna may end ange r The nerve. 

Variants of the brachial aitery and its branches tn 
this région hâve been reported, ahhough in* 
frequentty eg., the brachial artery may run dor¬ 
sal to The supratondylar process when présent. 

lhe curant nomenclature divides the brachial 
artery into a radial and an ulnar artery, the latter 
gtving off the common intemsseous artery. Ihis 
nomenclature is nu* consistent with the embryo- 
logical development of the arteries of the arm 
and s hou kl be avuided, e.g., becausé of diverse 
variants, such as a higher origin of rhe radiai 
artery. f-or this reason the devetopmentalty 
baser! dassification has Ijeen leiamed (p. 390}. 

Cïmical Tip: lhe deep branch of the radial 
nerve is endangered in cases of dislocation. le¬ 
stons of the capsulai ligaments, and fractures in 
lhe région of lhe neck ol radius. 
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Periphenal Nems and Vesseh: Upper ümb 


Anterior Région of forearm (A, 6) 

Siibcutaneous Lay er {AJ 

in the subcutaneous adipose tissue are the well- 
developed cutané eus veins, which, to be sure, 
are subject to gicat variations in tiieii courses. 
The émanes ms arieries are s malt and unitnpor- 
tanL The cutaneous nerves run indepcndcntly of 
the veins and aie very constant but h in location 
and siïe. 

On the radiai stde there is the repbafi'c 
arnebrathiul vdn (I ). which mostly ûrui5fo- 
moses (2) distally with the other veins of 
the forearm. Proximal ty il often gives off 
the médian orbital wein (3), which some- 
times may arise from rite médian ante- 
brachial vein. The totem! cnrebrachtof or- 
toneous nerve {4), the terminal brandi of 
the musculocutaneous nerve, crosses 
beneath the cephalic vein in the cubital 
fessa. In the distal part of the forearm the 
superficiel! frranrtl of the radial fiervc (5) lies 
in dose proximity to the cephalic vein, 

The aufebrtrdiiûi Ixisitiç vein (6) passes at 
the médial skie of the ante ri or région of 
forearm and is accompanied medially and 
lateralfy by twigs (7) from the medtof ante- 
brachial rutoneous nerve. 

In the distal îhird of the forearm, the paf- 
rrtar brandi (8) of the ulnar nerve lies sub- 
cutaneously, Radially from it and just prox¬ 
imal to the anterior carpal région, the pal- 
mar brandi (9) of the médian nerve pierces 
the fascia. 


cbioradîûbs (12} and flexor carpi radia iis 
(13) and is accompanied in the proximal 
segment by the superficial brancb of the 
radio! nerve (14), The deep brandi of the 
radial nerve (15), which gives off the pas té¬ 
nor ïiaetQs&ous nene in the forearm 
pénétrâtes the supin ator (16) within the 
cubital frasa. 

The middïe neurovascular bundk. which is 
siluated between the superfrcial and deep 
flexors, bouses the médian item (17). 
sometjmes accompanied by a médian 
arîery [variant, p. 390). Tlte médian nerve 
usually travels between the two heads of 
the prôna for feres (18) and, in the région of 
the wrist, lies radial to the tendons of the 
flexor dîgïlorum supeificialh (19). Thecnte- 
rw inierasseous artery and the anferior in¬ 
féras seous nerve. a branch of the médian 
nerve, leskle in a deep companment of the 
m iridié bond le between the deep flexors 
and the interosseous membrane. 

The ulnar neurovascular bundle lies in the 
miririle and distal îhird of the forearm be¬ 
tween the flexor digiftirum superncialis 
[ 19) and flexor carpi nlnans (20). Il consists 
of lhe ufnar nerue (21), the ufncr crtety 
(22). and the ufnar vems (eut ofr in the 
illustration, 23), After Us exil from the 
brachial artery, tlie ulnar artery crosses 
proximally under the médian nerve (17), 
the pronator teres (18). and ïhe commor 
liead of lhe supeifida! flexors, Tlie flexor 
carpi ulnaris (20) serves as a guide for the 
location of the ulnar nerve (21). 


Subfasdal Layer {8) 



After cuttïng through the firm ante brachial 
fascia which is reinforced proximally and 
medially by the bicipital aponeunosis. the 
deep-lying vesseïs and nerves corne into 
view. These vessels and nerves aie ar- 
ranged es sent ia II y into three bundles or 
routes and, indeed, into a radial, a middle, 
and an ulnar bundle. 

The radial vascular bundle. consisting of the 
radial artery (10) and radial vems (11), 
proceeds di stally between the bra- 
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Peripheral Nerves and Vessels; Upper Limb 


Afitéflor Région of wrist {A} 

The distal margin of the wrist ïs the flexot 
refinaculum. The proximal maigin is vis¬ 
ible on rite skin only as the proximal skin 
créa se of the wrist. 

Proximal to the flexor retimculum there are 
strong fiber s t ranci s in the onfebradiiof fas- 
cia (1), whjch also forrn a deep layer f2) 
and which are connecter! to the bon es of 
the fo rearm. Superficially run the veins and 
nerves as described previously on page 
38b, as well as the tendon of the pa/moris 
fongus (3). Deeply, the most radial struc¬ 
ture is the radial artery (5) and its accom- 
panying veins lying on the prowjfor t/uad 
rai as (4). 

On the ulnar skie of the artery lies the ten¬ 
don of the flexor eürpr radiûlis (6) within ils 
own tendon sheath, Followed next by tlie 
tendon sheath of the flexor poUieis longus 
(7). Between this muscle and the tommon 
tendon sheath (8) for the /îexor drgitorum 
superfrciafis and the flexor digitorum pro- 
fundus ru ns the médian neive (9). The 
structures run through the carpal canal 
(see p. 124) to the patm of the hand 

The ulnar artery (10) with its accompany- 
ing veins and the ulnar nerve (U) lie radial 
to Elle flexor cor pî ulnüris (12) and run to 
the palm of the hand superficial to the 
flexor retînaculum. They lie between the 
deep (2) and superficial layers of tbe ante- 
brachial fascia. The superficial layer is usu- 
aïly strengthened by lendinous fiber hand s 
of the flexor carpi ulnaris muscle (see 
p. lfc>0) so that the ulnar artery and nerve 
reach the palm in their own fascial ulnar 
charme! (Guyoïfs box). 


Palm of Hand 

Superficiel Layer (B) 

The palm of tbe band is subdivided into 
three régions; the thenar eminertœ, tbe 
central compartment (metacarpal région), 
and the hypothenar eminence. The fascia 
encloses tbese latéral régions, while the 
central compartment is covered liy the 
coarse, fîrm pafmor aponeurosis (13). This 
represents the continuation of the pal- 
maris longus (A3) and on its ulnar border 
it radiâtes into the rallier variably 
developed palmoris torevts (14). 

The palmar aponeurosis is divided into 
longitudinal (15) and fransverse (16: see 
p. 178)/ascides. At the radial, ulnar and dis¬ 
tal marins of the palmar aponeurosis. tî>e 
oommon palmar digital arreries (17) and 
the nerves of the sa me na me become sub- 
cutaneous, The arteries divide into tbe 
proper palmar digital oneries (18), whicb. 
accompanîed by the proper palmar digital 
tiennes (1fi) T exiend to tlie terminal 
phalanges of rive digits* The praper palmar 
digital veins neach the supetfiâat paimur 
venons arch, which lies superficially ai the 
root of die digits. 

In the forearm (p.38b) the ulnar nerve 
gives off tlie palmar brandi to supply the 
skin of the bail of the Utile finger. 

Clinicdt Tlpi The nerves at ihe sides of the 
digils tan lie anesihetixed by the Obérer or 
Halsted anesthetic meihud of neural bkickade. It 
is impartant tu reruember thaï the skin of the 
terminal phalanx of the ihumb a ntl the middle 
and terminal phalanges of the index and mkldte 
digits is also innervated on ihe dorsal surface by 
thë proper pohnor digital brândifs of the médian 


nerve. 
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Palm of H and, continued (A-H) 

I>Èép Layer. Superficiel Paimar Ardi (A) 

After removal of the fa scia and the paimar 
a porte u rosis, fhe superfïcial paimar arch 
(1} and lhe muscles of llie thenar and hy- 
pothenar eminenees become visible. The 
superfïcial polmar arrh (1) is mainly 
formed by the ufnor arieiy (Z), which ru ns 
superficial to f he flemr rermacufum (3). Il 
(s connectée! with the super/Idaf paimar 
brandi of fhe radiai ortery (4) r The super fi¬ 
el al pal mat arch gives off lhe common pal- 
mar dfgitül arreries (5) which run at fïrst 
superficial to lhe tendons of lhe long flex- 
ors (0} and at the roots of the digits be- 
tween these tendons. 

The ulnar artery, which gives off a deep pûf- 
mar brandi (7). accompanies the ulnar 
nerve (8), which wi th its superfïcial brunch 
(9) médial lo The artery readies the palm of 
the liand. The superfirial brandi of tbe 
ulnar nerve innervâtes the skin of the ulnar 
two and a half digits. It is often rormected 
to rite branches of lhe médian nerve ( Il ) by 
an rmusromofic brandi (10). In the région of 
the flexor retinacutum (3), the deep brandi 
(12) becomes separated from tbe ulnar 
nerve and pénétrâtes deeply between the 
abdurfnr djgrtf minimi (13) and the flexor 
digiti minimi brevis ( 14). 

Atready in the carpal tunnel (see p. 124} 
the médian nerve lias often divided into 
the common paimar digital nerves (15). It 
gives off branches to the thenar muscles 
(exduding the deep head of the ftexor 
poil ici s brevis and The adductor polïicrs). 


artery and gives oIT the pa fmûr meiacarpal 
arferïes (19). U is accompanied by the deep 
bran ch of lhe ulnar nerve (12). 

VaràTts of the Superficiel Paimar Arch 
(C-H) 

Tlie superficial paimar arch may be very 
variably developed* The lypical paimar 
arrh [C) is présent in only 27 % of cases 
(ümz-Wfadismuih). |n the sa me proportion 
of subjecls (27%) lhe aidi is formed solely 
by the ulnar artery (D). 

In some cases, the "comilans artery of the 
médian nerve" is retained as lhe ■‘original’* 
médian artery and may, eilher by anastO- 
mosing with the ulnar artery or withom 
formation of the arch (E), together with the 
ulnar artery* give off lhe artery to tbe 
digits. Duripg embryonic development of 
the blood supply lo the h and. tlie "original” 
médian artery takes over from tlie com¬ 
mon inteiosseous artery whith develops 
beforehand. ln Jower mammals this stage 
of development persists longer while in 
primates the radial and ulnar arteries anse 
from the médian artery* Embryologically. a 
persistent médian artery is an atavism* 

Sometimes (6%) not ail the digital arteries 
arise from a superfïcial paimar arch. which 
is formed only by tJie ulnar artery (F). A su- 
perflcial paimar arrh may be completely 
absent and then tlie arteries of llie digits 
are given off by the radial artery as well as 
by the ulnar artery (4,5%. C) or (12%) tlie 
arteries of the digits anse From the deep 
paimar arch and the ulnar artery (H). 


Deep Paimar Arch (B) 


Wlien tlie tendons of the flexors of the 
digits (fi) aie removed. the deep pahmr 
arth (18) appears lying on the ïnterassej 
nrrd usuaffy nmning (16) proximal to the 
trans verse heod (17) of fhe udâuctor pofb'rïs* 
This arch is formed by the deep paimar 
brandi of tbe ulnar artery (7) and the radial 
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Dorsuiïi of the Hand (A, B) 

Subcutaneous Layer (A) 

The proxi ma! boundary of the dorsum of 
the hand is tlie ekiensor renmçutum ( 1 }, a 
part of the Fascia which is strengThened by 
a large number of transverse Hhers. 

Subcutaneously the veins coming Pnom the 
digits (usually two joired by anastomoses) 
aie continuée! in the dorsot metacarpof 
veins (2 ) of which three are osualty particu- 
larly well developed. The largesl are the 
dorsal metacaTpal veins at the root of the 
fourth digit which, a fier combining, ru ns 
as the treressory cep/io/rc vern ( * vena sab 
vatella, 3) to the forearm. The dorsal meta- 
corpat vein of the ftfth digit (4) lepre sent s 
the beginningofthe basilic vein. while the 
firsï dorsal metacarpa! vein is talled the 
cephûiic vein of the thumb (5). A large num¬ 
ber of anastomoses interconnect ail the 
veins to form the venons networfc of l/ie 
dorsûJ bond (6), On the ulnar side, covered 
by veins, runs the dorsaî brandi of the ufnor 
nerve (7). while radially The terminal parts 
ofthe supetfkktl bronefi of the rndiot nerve 
(8) are found. 

Subfascial Layer (B) 

AFter removal of the fasda, the extensor 
tendons and the branches of the mdml 
artery (S) become visible. In tlie région of 
the radial fovea, the radial artery gives off 
the dorsof carpa/ bnmdi (10) and runs be- 
tween the heads or the/ïrst dorsal tareras- 
seons (tl) into the palm of The hand. The 
dorsal car pal b ranch gives off the dorsal 
metacarpal arte ries (12). which again 
dtvide into îï>e docsti/ digital arteries (13). 


Radial Fovea, 

"Anatomkal Snuff Box" (C) 

Tlie tnangular radial fovea, or anatomical 
snuff box. is limited dorsally by the tendon 
ofthe ektensor pallias longue (14) and on 
lhe palmar side by the tendon of the exfen 
sor poitids brms ( IS) and lhe tendon of the 
abductor pollkris longus (16), The sraphoid 
and trapezium bones form the flooo Proxi- 
mally the extensor reîhiatirium (1) 
complétés the dépréssion. Il coniains the 
tendons of the extensor carpi radwhs Ion- 
gus [17), lhe extensor carpi radrafts ftrevîs 
(18), and the radial artery (9). In the fovea, 
the radial artery gives off ils dorsal carpal 
branch (10), Tlie branches of lhe superficiul 
pan (8) of lhe radial nerve cross the radial 
fovea superficially. 
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A Subtirtant'OL's layiT 
of dorsum of hand 


A 


B Sobfasdal laytT 
of dorsum of hand 



18 M 17 


"anatomieal snuffboK*' 
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Peripheral Nerves and Vessels 


Trunk 

Régions (A B B) 

Superficially, there are no distinct démar¬ 
cations between the tnmk and the upper 
and lower limbs, The subdivision into ré¬ 
gions has a purely practical pur pose and 
has no developmental basis. The lack of dé¬ 
marcation results in some overlap in the 
Iransitional régions between trunk and 
limbs. The trunk régions are subdivided 
into tïie régions of the thorax and chose of 
the abdomen. 


Régions of the Thorax 

The de/fotd région (1), the tn/rüdavindar 
fossa (2) with the cfffvfpectbnd tricmg/e (3), 
and the oxiïfory région (4) are dcscribed on 
p.3b8 as transitional régions of the free 
upper limh. 

The mammaiy région (5} Indudes the area of 
the main mary gland. The mframanimaiy re* 
gion (6) lies caudally, and the latéral pectoral 
région (7) lies laterally, Th esc thnee régions 
are colïeetivcly known as pectoral région. 
The latéral pectoral région connccts with 
the axillary région. The présternal région (g) 
connecte the left and right mammary and 
i n fra ma mm a ry régions. 

In the médian on the back there is the 
vertébral région (9) t and laterally to it are the 
suprascapular région (10). the Lnlerscapiilar 
région (11} F the scapular région (12), and the 
infrascapular région (I3X 


edge of the symphysis. The ombilical région 
(16) indudes the area between the two 
middavicular lines, the transpyioric plane, 
and the plane running through the anterior 
supenor iliac spines, The latter plane, in- 
terspinous plane, conta ins rhe infmpinous 
distance (see p, 190), 

On both sides of the umbiïical région lie 
the latéral abdominal régions (17). Following 
in caudal direction, the inguinal région (18) 
adjoins laterally to the inguinal sulcus. and 
the pubic région (19) adjoins medially to tbe 
upper edge of the symphysis and tbe pubic 
crests. 

In the médian on the back. beïow the 
vertébral région, lies the sacral région (20), 
which indudes the aiea over the sacrum. 
On both sides of these iogioas lie rhe lum- 
bar régions (21), which merge into tbe 
gluteal régions at the iliac crcsts. 

Adjacent to the pubic région is the urogéni¬ 
tal légion (not illustraced). which adjoins 
the anal région (not illustrated), These two 
régions are collective^ known as périnéal 
région: they connect the régions of the ab¬ 
domen with those of the back 



Régions of the Abdomen 

The transitional région between thorax 
and abdomen, the hypochondrium (14) lies 
laterally, Between rhe rwo hypochondriac 
régions, in the area of the infra sternal 
angle, is the epigastric région (15). These 
three régions are caudally delimited l)y the 
transpyJoric plane, which is the transverse 
plane through the midpoint between the 
jugulai notth of the sternum and the upper 
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B Région of back and buttocks 
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Perlpheral Nerves and Vessels: Tnjnk 


Régions of the Thorax (A, B) 

A nie rl or Thorax Régions (A) 

Of spécial importance in the female are the 
lis sues in the subcutaneous layer of the 
mammary région. The breast rests on the 
perforai fascia (t).tt consista nf the mam- 
mat y gland, fibrous connective tissue, and 
adipose (issue, whith are collectively 
known as the toody of breasi (2). A proeess 
of various size, the nxlUaty process (3). may 
extend into the axilla. The fibrous (issue 
forma the suspensory ligaments of the 
breast. which connect the pectoral fascia 
with the sfcin and are located between the 
lobes of the gland. 

Around the areola of fhe rnammory gland 
(4] there is a délicate venons plexus, the 
oneolar venons plexus (5). From thjs plexus 
the blood drains via the onlerfbr nrtaneotts 
brandies (6) to the anterior intercostal 
veins and, laterally, to the thoraco-fpïgüs- 
trie vein (7) and latéral thoracic vein (8). 
Blood is stipplicd txrth laterally and médi¬ 
al ly. Blanches nf the latéral thoracic artery, 
the loterni mammary brandies (9) péné¬ 
tra tin g the axütary fascia (10), extend latcr- 
ally U) the body of breast. The internai 
thoracic artery gives off perfora ring 
branches which reach the subcuianeous 
layer through tlie Ist-bth intercostal 
spaces near the sternum, lai'ger perforat- 
ing branches reach the breast medially as 
mcrfiol mammary brandies (il ). 

Latéral to the hreast there are the para- 
mammary lymph nodes, and in the axilla 
there are the axilla iy lymph ri odes (12), 
Crossing the clavicte From above. the mé¬ 
dial (13) and intennediofe (14) supradavic- 
tilnr tierces from the cervical plexus reach 
the davipectoral triangle and the inFra- 
claviculai fossa, respectively. The mam¬ 
mary région is innervated by the media! 
mammaty branches (15) from the on ténor 
rutnneous brandies (16) of the 2nd-4Th in¬ 
tercostal nerves and by the loferai mam- 
tnoty branches (17) from the loferai eu - 
Éürîeoîts branches (18) of the2nd-4th inter¬ 
costal nerves. One or two ùifercos tobraçhial 


nerves (19). usually from the 2nd (and 3rd) 
intercostal nerve. extend to the upper arm 
through the axillary région. 

The pectoral is major muscle with its three 
parts is visible m the subfasdal layer. The 
cephalic veto mns laterally through the 
davipcctoral triangle (see p. 370). 

Poste rior Thorax Réglons (B} 

In the subeutaneous layer on the thoracic 
fascia there aie cutaneous branches of ar- 
reries, veins, and nerves. It is important to 
note that the scapuïar Une u?présents the 
houndaiy Iwtween the suppîy areas of the 
posterior and artterior brandies of the spi¬ 
nal nerves. 

The following muscles can be démon- 
strated in the subfasdal layer: frapezir/s 
(2€). lûfissimus dorsr (21), and rbombordei^ 
major (22). The m/raspinafas muscle (23) 
lies on the scapula, the leres mjnor (24) 
migmates from the latéral margin of 
scaputa. while the (eres major (25) origi- 
nates inferim to the teres minci r. Between 
the two tems muscles and the long head of 
the triceps muscle (26) is the mediaî axil¬ 
lary foramen (see p.374) with tlie etreum- 
flex win and rirrum/îcx artery of scaputa 
(27). from the scopular spitre (28). the spa¬ 
tial part of the deltoid musde (29) extends 
to the upper arm, 

V CHnicad Tips: Lymph drainage of the rnanv 
mary gland is of spécial importante because of 
the high incidence of hreast cancer. The lymph 
drains via scveral vessels, usually four, into the 
verrous angle, One lymphatic vessd reacties ihe 
axillary lymph nodes either direetly or via tlie 
paramammary lymph nodes. from there it 
drains mto the venons angle via infrat laviailar 
and supraclavicular lymph nodes. 

The second vesseï extends from the paramam¬ 
mary lymph nodes direct ly to the infradavicular 
lymph nodes and finaJJy imo the venons angle 
via the suprartavïcular lymph nodes. 
lhe third vessel reaches the infraclavicular and 
supraclavicular lymph nodes. fteqiæntly invoiv- 
ing alsrj the interpectoral lymph nodes. 

The fouet h vessel cornes from the mediaî por¬ 
tions of the gland and runs through the paraster¬ 
nal lymph nodes alongside the internai thoracic 
arreries and veins to the venous angle. 
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Régions of the Abdomen (A) 

Upon removal of the subcutaneous fascia 
of abdomen (see p,92), the subcutaneous 
vcssels and nervcs become visible on rhe 
délicate (supet/ïrial,) abdominal fasda. B- 
pecialïy noteworthy are the pnra^umbj/rml 
veins surrounding the navel; they anasto¬ 
mose with the superfickil epigastric veins 

(I) and with the fhoraro-epigosrric veins, 
The superficial epigasu ic vein, which is ac¬ 
cota pan ied by a délicate artery of the sa me 
naine, crusses the inguinal ligament and 
joins the fémoral vein m the saphertous 
opening (see p. 416), The thoiaco-epigas- 
tric vein ascends from the navel in latero- 
superior direction and reaches the axillary 
veto. The superficial cirai m/ïex i/iac artery 
and vein (Z) ascend in the latéral area of the 
inguinal ligament. 

In the par a media n région, the tinlerlor eu 
tanvons branches (3) of the 8tlt-12th firter- 
costti/ nerves (4) pénétra te the rectus 
s beat h and the fascia, The latéral ru tannons 
brandies (5) of the 9th-î2th intercostal 
nerve s are visible laterally to rhem 

Just superior to the superficial inguinal 
ring, the ouierior brandi of the iliohypo- 
gastric nerve (see p, 400) becomcs suheu- 
taneous, The /ôtera/ branch of the iliohypo - 
gasfdc nerve (fi) pénétrâtes the fascia in the 
area of the anterior superior iliac spine, 

Upon removal of the fa scia and subséquent 
incision of the anterior layer of rhe rectus 
sheaths (see p, BË) ( the rectus abdomfnis (7) 
beenmes visible on both s ides. Posterior to 
the recrus abdo mi ni s. luit inside the rectus 
sheath, run the inferior epigastric artery 
and vein (8) which anastomose above the 
navel with the superior epigastric arreiy 
and vein (9). 

The rectus sheath contai ns the rectus 
abdominis, which adheies at the tendinous 
intersections (lfl) to the anterior layer. The 
inferîor and superior epigastric arteries 
and veins also run inside the rectus sheath, 
and so do the 8th-î2th intercostal nerves, 
which enter through the posrerior tayer 

(II) of the sheath of the recrus abdominis. 


CMnkal Hp: The para-ombilical veins exteod 
alongside The round /igamenr ofrhe fiwr (see vol 
2) to the left branch of the portai vein: they cun- 
oect with the superficial epigastric veins and the 
thoraco-epigastric veins. This créâtes a subcti- 
taneous portosystemic anastomosa lf rhere is a 
baçkflow of blood due to Irver disease, these 
veins become dilated and are then visible under- 
neath tbe skin. This condition is refcired te as 
"capul Titedusae* ( tiead of Médusa). 

Qthet ixîttosysïemic anastomoses cf riinical im¬ 
portance are the submucosal plexus in the infe¬ 
rior ihird of the esophagus and the submucosal 
plexus in the rectum. 


12 Linea alha 

13 Pyi amidalis 

14 External oblique 

15 Transversa lis fa scia 

16 Arruato line 

17 Anterior layer of the reclus sheath 
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Inguinal Région 

Inguinal Canal (A-C) 

First Loyer (A) 

The inguinal région and the pubic région 
are superflcially covered l^y the subcu- 
tancous faseia of abdomen (see p. 92). Only 
upon removal of the connective tissue 
membrane is it possible to view the subçu- 
taneous vessels and nerves. Runnmg over 
the ('super/irïrd) übdormnü/ /üscjü (1) and 
Crossing the inguinal canal aie the supei/ï- 
cM epigasfric nrfery and vein (2). whife the 
super/ïdtd àrcumflex Mac or Je; y r/nd vein 
(3) run latéral ly. 

both vascular bu n cl tes cxtend to the 
sa plie nous hiatus in the suhtnguinal région 
(sec p.41b), The externat padendal arfrry 
aud vefn (4), whieh aie frequently clupli¬ 
ra tecî, also connect to the saphenous hia¬ 
tus. After erossing the spermatic cord (5). 
they reach the pu déridai région. 

Superinr to the superficiel inguinal ring (6) 
the antenar cutaneous branch of Me Mo- 
hypogasnic nerve (7) can be viewed. while 
the ffio-îngufnaf mrve (fi) tuns together 
with the spermatic cord (or round liga¬ 
ment of utérus, respective ly) and gives olï 
sensory branches to supply the proximal 
inner surface of thigh, the mons pubis, the 
serotal skin in the male, and the labium 
majus in the female. 

Cl in ic al Tlp; OF spécial! importance are the su- 
petjkiat inguinai (ympft itodes (9); in lhe femate. 
they are natlird througfi the inguinal canal by 
lymph vessels fmm lhe h indus and body o| the 
utérus. They ptay a major rôle in tlie lymphatic 
spread of cardnoma tells. 


I Second Layer {S, C) 

After précisé délimitation of the superfîcial 
inguinal ring (6) in the male, the outer 
sheath of the spermatic cord (5), the exfer- 
nal spermatic faseia (10) i$ opened. This ex- 
poses the externat inguinal ring yvïth the 


la ferai crus (11), the medûd crus (12), the 
infeirruna/ fibers (13). and the refiecteé 
ligament (MX 

Upon severing the aponeurosis of the ex* 
tenrnl oblique (15). the mUmtd oblique (Ifi) 
can be viewed. Its inferior fibers exteml as 
rremuster musefe (17) on the spermatic 
cord and form its rniddlc sheath, the 
eremosferïr faseia and muscle (18). It is ac- 
companied by the génital branch (19) of the 
genitofemoral nerve. which supplies the 
cremaster muscle and also participâtes in 
the sensory supply of the ilio-inguinal 
nerve, The délicate cremasierie anery and 
vein are emhedded in the muscle and. 
therefote, hartlly visible. 

Riesling on the internai oblique, the jffofry- 
pçgusmr nerve (20) exterrds media!ly and 
pénétrâtes witfi its an ténor cutaneous 
brandi (7) tire extern al oblique aponcuio- 
sis and the faseia above lhe externat ingui¬ 
nal lin g. Sometimes the nerve s pl its into 
two brandies before il pénétrâtes. It pro¬ 
vides sensory supply to the skin in the irr- 
guiiial mgion. 

After piecisc délimitation of tire superficial 
inguinal ring (6) ïn the female, the round 
ligament of trrerus becomes visible. It radi¬ 
ales into the connective tissue of the 
labium majus. Closely adjoining this band 
are the délicate artery and vein of the 
round ligament of utérus and the génital 
branch of the genitofemoral nerve, Tire 
round ligament of utérus is atcompauied 
by the ilm-ingumal nerve. 

Wben opening the inguinal canal, some 
fibers of the internai oblique are revealed; 
they merge with the round ligament of 
utérus. They are referred to as the round 
ligament part of the internai oblique and 
cônes pond to the cremaster muscle in rhe 
male. 
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A t irst layer of inguinal canal 
in th<_ male 


B Second tayer üf 

inguinal ca naf in the male, 
superfitlal inguinal ring 


Second layer oF inguinal canal 
in tfie male, division oF the 
apo neurosis of lhe extemal 
oblique muscle 
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Peiïphéral Nerves and Vessels: Trunk 


Inguinal Région 

inguinal Canal, continuée! ( A-C) 

Third Lnyer {A, B} 

After severing the cremosteric fascia and 
muscle fl) the last and very thin sheath of 
the spermatic tord, the internai spermcric 
fascia (2} T becomes visible, Furthcr eut ring 
«f the internat oblique (3) exposes the roof 
of the inguinal canal, the fransverse 
o&tfominis (4), and also the posterior wall T 
the transversaux fascia (S), The internai 
spermatic fascia (2) evagi liâtes as a con¬ 
tinuation of the t ransversa lis fascia, thus 
making it possible to déterminé the posi- 
tion of the deep mgidrud ring (6), The vari- 
abïy developed mfer/oveofor iigament [7) 
lies médial to the deep inguinal ring (see 
also p. 98). 

Fourth Liyer (C) 

t titting the internai spermatic fascia (2) 
exposes the content of the spermatic cotd 
and also ope ns the deep inguinal ring. The 
spermatic cotd cou tains the white, round 
du [fus deferens{$), the imirufar artery (9), 
and lhe pmnpmiform plexus (10), 

The cluctus déféré ns (8) is the continuation 
of the durt o/ epidûfymis and extends 
through the inguinal canal into the lesser 
pelvis. Here it unités, together wirh its am- 
pulla of ductus deferens, with the excrefory 
duc! of the séminal gland (séminal veside) 
to form the ejacuiatoty duc!. The testicular 
anery (9) origïnates directly ffom the 
abdominal aoFta. The pain pi ni foi' m plexus 
{10) continues as lesiindor vein. On the Ht 
side, the testicular vein extends aemss the 
left rénal vein to the inferior vena cava. The 
right testicular vein drains directly into the 
infeFtor vena c a va. 


vein (11 ) and the rond qf umMaeuf arfery 
(12), The weak sites ïn rhis région of the 
abdominal wali also beeome visible. These 
are the peritoneal fossae; Latéral to the in- 
Ténor epigastric artery and vein there is the 
latéral l'nguinaf fosse (13); the deep ingui¬ 
nal ring projects into it. The médial r'nguinaf 
fossa (M) lies between the thonda of 
ombilical artery and the inferior epigastric 
aiteiy and vein, white the supimesicat 
fassa (15) Iles médial to the choida of 
umbilical artery. The superhcial inguinal 
ring pmjects into ttie latier two fossae. 

Clinkal Tlp: As weak sites of the abdominal 
wall. the thn?e fossae reprisent potemia! sites 
for an inguinal fiemia (see p. IÜÛ), 


16 Aponeurasis of the external (oblique 

17 Inguinal ligament 

18 Hioliypogastric nerve 

19 Reflected ligament 

20 Oto-inguinal nerve 



If paris of the transversalis fascia are re- 
nioved when the internai spermatic fascia 
is opened, the preperitoneal structures are 
exposed: the inferior epfgosrric artery and 
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A Third la>e r ina ( canal 

in the male. division of the 
crcmaster 



C 

Fourth layer of inguinal canal 
in the male, content of the 
spermatïr tord 


B Thiid layer of Inguinal canal in 
die maie, transversal is fa scia 
and deep inguinal ring 
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4M Peripheral Nerves and Vessels: Trunk 


Lumbar Région (A, B) 

First Layer (A) 

Upon rénovai of the intestines. the pariétal 
abdominal fascia can be peeled ofï. This ex¬ 
poses primarily the branches of the lumbar 
plexus. 

At the inferior margin of the 12th rib (IJ 
runs the suiwortaJ nerve (2) as the last of 
the ante ri or branches of the thoracic 
nerves. It is partially covered by the por¬ 
tion of the tomba/ part of the timphragm 
(4} origïnating from the Met ai ovcuate 
ligament (3). The quadr oins fumborum (5) 
is visible imderneath the latéral arcuate 
ligament* while the portion of the psuus 
major (7) originating from the 121h 
thoracic vertebra is visible undernealh the 
média J arcuate ligament (6). 


Second Layer (B} 

Rénovai of the superfidal part of the psoas 
major exposes the tintmor brandies £18) of 
the first four lumbar nerves. Thèse lie on 
the deep paît (19) of the psoas major and 
form the lumbar plexus. The branch of the 
4th lumbar nerve divides into a supenor 
and an inferior brandi (20), The latte* 
unités with the anterior branch of the 5th 
lumbar nerve to form the lumtoosarral 
frunk, which participâtes in the formation 
of the sacral plexus. 

Médial to the emerging an ténor branches 
iuns the sympaifiefir twnk (21) and* on the 
right s ide, aîso the in/fcrfor vena cavn (22), 
The segmentai tornhur t/rtenes end vems 
£23) adhère to the vertébral rolumn. They 
pass undernearh the anterior branches and 
deep portion of the psoas major. 


The first branch of the lumbar plexus, the 
iffohypogflsfnc nerve (8), is visible at the 
latéral niargin of the psoas major. Il cr osses 
the quadratus lumborum and pénétrâtes 
the abdominal muscles above the iliac 
a est. Almûst parallel to il and pénétrât! ng 
the psoas major runs rive tifa-fngurnal nerve 
(9) f which ex tend s to the deep inguinal 
ring. Next. the genîwfemorat nerve £10) 
pénétrâtes the psoas major and divides at 
varying levels into the genrrti/ bnmrfi (11) 
and rhe/emoraj branch (12), The former ex- 
tends to the inguinal canal, while the laiter 
lusses through the vascular space to reach 
the suhinguinal région. 



AI the latéral margin of the psoas major 
and near lhe iliac fossa there is another 
branch of the lumbar plexus, the Meraf 
fémoral cutaneous tienne (13), tt ex tends 
laterally* near the anterior superior iliac 
s pi ne. to the muscular space. The most 
prominent branch, the fémoral nerve [ 14), 
ru iis in the groove between the iftocus 
muscle (15) and psoas major (7) and passes 
through Lhe muscular space (lacuna 
musculorum) to reach the thigh. The last 
branch, the obturotor uene (IG), is the only 
one running médial to rhe psoas major; 
after Crossing the exmml iîwc artery ernd 
vcjTi (17), it Feaches the obturafor canal 


24 Internai iliac aitcry 

25 Inferior cpigastrtc artery 

2G Deep rircumïlex iliac artery and veto 

(The sacral plexus and the lumbar plexus 
can bc considcred a unit rhat is called the 

iunibosatraf plexus.) 

lumbar plexus 

- Roots: Ventral rami (U -1.4) 

- Branches; lliohypogastric nerve 

- llio-inguinal nerve 

~ Genitofemoral nerve 

- Latéral fémoral cutaneous 
nerve 

- Obturaior nerve 

- fémoral nerve 

Sacral plexus 

- Roots : Ven tra 1 rami {L4 - S3 ) 

- Branches: - Cluteal nerves 

- Muscular branches 

- I nferior d un tal ne rves 

- Posterior fémoral 
cutaneous nerve 

- Pudendal nerve 
Coccygea! nerve 

- Sciatïc nerve 



Lumbar Région 
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B Second layerof lumbar 
région, lumbar plexus 


A First layt r of Lhe îum b ar reg ion, 
branches of lhe lumbar plexus 
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Péri prierai Nerves and Vesseis: Trunk 


Perïneal Région of die Female (A, B) 

The périnéal région is divided into the uro¬ 
génital région in anterior direction and the 
anal région in posterior direction. Fasciae 
and muscles allow définition of several 
structural layers. 

Superficiel and Middle Layers (A) 

Urogénital région: In the latéral area a Ion g 
the inferior pubic ramus and the ramus of 
the ischium, the supetfïriûf permeal Jfoseia 
(1) is divided into two layers. a fatty oufer 
foyer and a membranous faner foyer (right 
side of rite préparation). The two layers 
unité ncar tlie vesttoute of wgfaa (2). Re~ 
moval of the superficiel perïneal fascia ex¬ 
poses the supcr/ïdflf perfaeoJ spaee (left 
side of the préparation). 

Posterior labial brandies (3). wliieh origi- 
nate frotii tiw? pmrieûf orfery (4) and are 
accompanied Iry veins of the sanie naine, 
ex tend to the vestibule of vagina and the 
périnéal feody (S), The périnéal artery often 
pénétrâtes the inner layer of the superfïria! 
périnéal fascia. The perfaetrt nerves (6) 
cross the posterior margin of tlie urogéni¬ 
tal diaphragni (p. 106} and extend togetlter 
with tlie arterial branches to the vestibule 
of vagina and the périnéal body. 

The superfieiat périnéal spaee contains t he 
foliowing muscles: the hidbosportgiosus (7) 
médial3y, the ischiocavcmosus (8) laterally, 
and the transversos perinei strperjiïciajis (9) 
poste riorly. 

Anal région: The obturofor /fascia (10) 
border s laterally on the rsrfiio-ûNflf 
('Iscbiorettaf) fossa. This fossa extends to 
the front and lies then between the uro¬ 
génital diaphragm and the pelvic dia 
phragm with the m/erior fascia of the pefvic 
diaphragm (H). It contai ns plenty of 
abdominal fat h the fat hody of the ischio- 
Gïiaf fossa. In a fold of lhe obturator fascia 
(10) lies the piwîcndüJ «mal (12). The m/e- 
rier rectal artery (13) and the hiferior rectal 
nerve(14) supply the spftmrfer ont exiemus 
(15) and the anal skin. There may bc addi- 
tionaï perïneal branches (not shown) for 


the labial skïn and a perforating cutaneous 
nerve for the anal skin. Bot h originate from 
the posterior cutanée us nerve of thigix 
Nu mérous inferior rectal vems (16). which 
anastomose with the médial rectal veins, 
extend to the internai pudendal veia 

Removal of the inferior fascia of lhe pelvic 
diaphragm (11) exposes the sphincter ani 
externus (15) and the îcvafor ani (17) (left 
side of the préparation). Posterior to the 
anus (18) in the médian plane rliere is ttie 
miütocrygcaf ligament [»); parts of the le- 
vator ani muscles radiate into iL The mier- 
naf pud&tdal orteries ernd vefas(20)and tlie 
pj rdendaf rrerve(21 ) pass t hroogh tlie lesser 
sciatic foramen and tlien run inside ttie pu¬ 
dendal canal (Alcock’s coriof). 


Deep Layer (B) 

Urogénital région: Removal of the 
bulbospongiosus and ischiocavemosus 
muscles (8) with tlie inferior fascia of ttie 
urogénital diaphragm (périnéal mem¬ 
brane) opens the deep périnéal spaee. In 
addition to muscles* it contai ns tlie entra of 
the clitoris (22); tliey unité to form tlie bûdy 
of the clitoris (23) which terminâtes in (lie 
gfans q f the ditofîs (24). 

On cach side laieral to the vestibule of tlie 
vagina (2) lies an erectile body h tlie iyuth of 
vesrifmte (25): tlie two hulbs are connected 
by tlie commissure of the bit/bs (26) be- 
rween tlie crura of the clitoris. On both 
sides lies tlie grear vestihular gfrmd (27) 
covered by the bulb of vestibule inside the 
urogénital diaphragm: it opens via a 
secretory du et between tlie labium minus 
and the vaginal orifice into the vestibule of 
the vagina (28). 

CMnfcaJ Tlp; The inner layer of the superficül 
périnéal fascia is also known as deep périnéal 
fascia. 

The lerm "urogénital diaphragm* has uufbC' 
tunalely been ahandened in loday's nomenda- 
ture. although it is fulîy correct. 



Périnéal Région of the Female 


40: 



À Superficiel and 
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périnéal région 
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408 Peripheral Nerves and Vessels: irunk 


Périnéal Région of the Male (À) 

Superficiel Layer 
(RTght Side of Specïmen) 

Urogénital région: The mperfkhil périnéal 
fascia (1) with its ou ter layer and inner 
layer (deep périnéal fa scia) continues oit 
lhe thigh as fascia Ififn (2) and on the peurs 
(3) as snper/ïtfaf fascia of the peurs {4), To- 
gelher with the superficial abdominal fas- 
da il also fornis the lunica dartos, 

The périmât ortery (5), which originales 
from lhe internai pudendal arlery. often 
pénétra tes the urogénital diaphragm near 
ils poste ri or ma r gin âind gives oiï poil prier 
scrotat branches (6}. These are arcom- 
panied l>y posterior scrotat veins (7), 
and musadrir brc/uches (8) from t lie puden- 
dal nerveextend to the scrotum and lo lhe 
skin and muscles of i lie urogénital région, 
flerforaf branches (9) from the postenor eu- 
laneous neive of rhigh also ex tend lo lhe 
scrotum» while the rn/mur rlunra! nen/es 
(10) rcach the skin in lhe inferior pari of 
lhe gluleal région. 

Anal région: The obtmatvi fascia (11) 
delimits the région latéral ly, the gfofetis 
mnximus (12) with thcgfofeof fascia in pos¬ 
te rior direction» and the périmai body (13), 
lhe anus (14), and lhe rmococcygerd Jigfi- 
ment (15) medially, The deep ischio-anaJ 
fossa is fi lied by fatty t issue, lhe adipose 
body of the tschio-rjun/ /bssrc Its roof is 
former! by lhe inferior fascia of the pelvic 
diaphragm ( 16), 


Mïddte Layer (Left Side of Specimen) 

Urogénital région: Kemoval of the superfh 
dal périnéal fascia ope ns the superficial 
périnéal space. Medially, lhe fru/bospougio 
sus (17) 1res on the spongy body of pénis 
(spongy body of male urethra) and the 
caverne us body of pénis. The isdaiocaver- 
uosus (18), which originates from rhe 
ramus of the ischium, lies laterally In pos¬ 
te rior direction, the super/rcint Iransverse 
perinraf (19) delimits the space, while lhe 
périmai membrtme [inferior fascia of the 
urqgenrfa/ drnphmgm) (20) forms the rool. 

The mfenia/ pt/dendaf arîery end w?n (21) 
pénétrait the urogénital diaphragm and 
givc ofï lhe above-menttoncd brandies. 
The pudendal itenç (22) extends to the su- 
perfrcial périnéal space (Cbffes* spore) ai 
the posrerior margin of the urogénital dia* 
phragm. 

Anal région: Kemoval of tiw inferior fascia 
of the pelvic diaphragm (16) exposes the 
tevofor ani (23) and the cvccygetts (24) 
musefes. 

Inside lhe pudendal canot (Akock's canal ) 
(25), the internai pudendal arlery gives off 
the inferior rectal artety (26), which often 
divides into iwo brandies. Il is accom- 
panied by the irr^rior rectal wrns (27), 
which ex tend to the pudendal vein. fo/prior 
rectal petws (28) supply lhe sphincter oui 
exfOTTMS (29) and the anal skin. 
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Perl plierai Nerves and Vessels: Trunk 


Périnéal Région of the Male, 
contlnued (A, B} 

Deep Layer (A, B) 

Urogénital région: Removal of the périnéal 
membrane (inferior fascia of the urogénital 
diaphragm; right side of specimen) ope ns 
the deep périnéal spacc. The ûeep rnms- 
verse perineaJ (1 ) extends to the urogénital 
hiatus and, with its most posterior fibers, 
to lhe péri rient frody (2). The ischioœvemo- 
sm (3), whidi orïginates from the ramus of 
the ischium, radiales into the tunica al- 
buginea of tt>e crus of pén is (4). 

The infcmuJ pudendd artery (5} gives off 
the périnéal artery (6) at ttie posterior mar- 
gin of the urogénital diaphragm. Covered 
by the crus pénis, it extends to the front 
and gives off the uréthral artery where the 
crura of tlie pénis unité. Tiw ariery is ac- 
COmpanîed Ijy tiw? internai pjidwjrfrrf veto 
(7), which rcccives the posterior stroraf 
veins (8), 

Removal of the bufbospongiosus musc Je (9) 
exposes the spongy body of the pénis ( 10 ; 
left side of spécimen). Posterior to the bulb 
of the pénis (11), tt>e posterior end of tlie 
spongy body, rliere is the pea-sized 
buibourcrhral gland (12) on bot h sides. 


Anal région: Removal of rhe obfuratoc fas- 
dû (13) opens the pudenda! canal and ex¬ 
poses the internai pudenda artery and vein 
and also the pudendaf nene (14). Alongside 
the internai obrurator (15) extends the fen- 
dinous arrh of iei'ntor oni (16) to the isrfiiaf 
ruberosrfy (17). The sacrospinal ligament 
(18) reacbes from here to the sacrum and 
forms together with the I essor sciatic notch 
the ïesser sciât ir foramen. 

The levaror ûni ( 19) extends together with 
the pubomtdis (26). pu/xxorcyg^ (21), 
and iliocoçcygeas (22) to tlie extemal anal 
sphincter and onococcygerjf ligament (23), 
Tlie most anterior fibers of the poborocral 
muscle, the prererfnl /rbers = pulxiperinraf 
muscle (24), démarra te the umgemtuf frfo- 
rus (25) on both skies and radiate into the 
périnéal body (2), The prostate (26) is vis¬ 
ible insidc the urogénital hiatus. The exier- 
ncri uriaf sphincter (27) suirounds the ont/s 
(28) with ihree pans, The roccygeus (29) 
forms the pelvic diaphragm togetlvr with 
the levator ani muscle. 
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Perîpheral ftlervfis and Vessels 


Lower Limb 
Régions (A, B) 

As in the upper limb» tlie boundaries be- 
tween i h<? régions of the lower limb are 
sortiewliai arbitrai y and hâve been drawn 
from a practical viewpoint. 

Régions of the Hlp 

Antcriorly the régions around rhe hip joint 
also teptcscnr subdivisions of the thigh, 
We dislinguish a subi rigu mal région (1), 
which is boonded by rhe inguinal ligament 
and the saitorius and pectineus musclés as 
pari of the large fémoral triangle, The 
frnioral triangle (Z) ex tends fort ber distally 
and is Jimited by the inguinal ligamenh the 
sartorius, and the adductor longus. Dor- 
sally therc is thegfuleal région {3), which al- 
most corresponds to the région of the glu- 
le us maximus and ex tends to the gluteal 
sulcus. 

Réglons of the Thigh 

The anterior région of the thigh (4) adjoins 
the fémoral triangle. !t extends distally lo 
the région of the hnee and laterally to lhe 
lenSOr fasciae latae. Porsally. lhe posterior 
région of the thigh (5) lies nexî lothe gluteal 
légion and ends above the poplileal fossa. 

Réglons of the Knee 

In front, the anteriorregionof the knee (6) ex- 
tends from the lower margin of lhe anre- 
c loi thigh région to the tibial luberosity. 
The posterior région of the knee (7) lies dor- 
salïy. The middle part of tliis région is also 
cal lcd the popliteal fossa. 


Régions of the (Lower} Leg 

The anterior région of the leg (8) extends 
from the tibial tuberosity to the malîeoli. 
Medially rhis région, al the part of the tibia 
palpable thraugh thé skin, continues into 
the posierior région of the leg {9X which lias 
its proximal and distal border* at the same 
level as those of the anterior région. Befrïnt) 
the médial malleolus lies the médial rctro- 
malleolar région, and behind rhe latéral mal- 
leulus lies the latéral retromalleular région 
( 10 ). 

Régions of the Foot 

The hed région (11) lies dorsal to rhe retro- 
malleolar régions. Anteriorly and superi- 
orly is the dorsum [dorsal région) of the foot 
(12), and inferioily the sole [pUntar région) 
of the font (13). 
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414 Péri p hera I Nerves and Vëssels: Lower limb 


Sublngulnal Région 

Subcutaneous Layer (A, B) 

The abondant subcutaneous Fatty tissue ïs 
dividcd by dense connective tissue lamellae 
- membranous loyer (1) into two layers. 
The connective tissue lamellae. which 
were formerly known as the superfïcial 
fémoral Fascia or Scorçw's fascia. partly 
cover the subcutaneous vessels and nerves 
and ex tend below the saphenous opening 
Only after Femoval of ail the subcutaneous 
fatiy tissue and connective tissue lamellae 
can the jàscia lata (2) be seen. Most of the 
fascia lata is generally of an aponeurotic 
charactcr, exccpt in the région oF ihe 
saphenous opening, where there is a 
looser, reticular structure, catled the trib- 
riform fascia (3: sce p. 254). 

The subcutaneous veins. which reach this 
légion in a stellate pattern, pierre the crib- 
riforin fascia. The largest and the most reg- 
nlarly octurring vessel is the grcat 
saphenous vdn ( 4 ). Lt ru ns from the thigh to 
the cribriform fascia (3). Often a loferai ac- 
cessory sophenous vein (5) ateompanics it. 
The extern al purimdal veins (6) run from 
the pubie région and the superfïcial epi- 
gosfric vein (7) ru ns from the umbilicaJ re- 
gion to the cribriform fascia, rhe supetfïdal 
cîrcumflex iftoc vein (8) ru ns parai le I to the 
inguinal ligament, The jonction of ail these 
veins is very variable and will be discussed 
on page 416. Mie s mal 1er arteries are the 
exfernnl pudendai artery (9), the superfïcial 
epigastrie artery (1Û). and the superfïcial 
circumflex iliGC artery (11) accompany the 
veins of the same names. 

The superficiel ipguinüF lymph nodes. which 
can be dividcd into two groups, lie on the 
cribriform fascia. One group, the horizontal 
tract, lies parade! to the inguinal ligament, 
whereas the other group, the vertical tract, 
is situated para Lie! to the great saphenous 
vein. The horizontal tract is organized into 
the superamedial (12) and the superolateral 
(13) superfïcial inguinal lymph node s. The 
lymph nodes of the vertical tract are desig- 
nated as inferior superfïcial inguinal lymph 
nodes ( 14 ). 


The cutaneous nerves in this région arise 
from the fémoral brunch (15) of the geiti- 
tofe moral nerve. In the male, the spenxutk 
cord (16). accompanied by the ilio-inguinat 
nerve (17), courses in the inguinal région 
above the inguinal ligament and mâches 
the scrotum, The skïn latéral to the crib~ 
riforrn fascia is innervated by anterior cu¬ 
tanée us rami of the fémoral nerve. 
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416 Périplierai Nervesand Vessels: Lowcr limb 


Saphenous Opening (A-R) 

The saplienous opening, delineared by rhe 
faldform morgïn (1) with its superior (2) 
and inferîor (3) horns. becümes visible after 
removal of rhe cribriform fascïa. Withïn 
rhe opening lie medially rhc deep ingumaf 
/ymp/t norfes (4), next ro rhem rhe fémoral 
vein (5). and most Jaterally rhc fémoral 
artery (6). In or latéral to the saphenous 
opening, thejfemoraf Iminr/j (7) of the geni- 
to fémoral nerve bet ornes subeutaneous, 
Still further latérally r the rnitmor enfo¬ 
nçons bronches (8) ofthe fémoral nervi 1 per 
fora te tire fa scia la la. 

According ro Eonz-tVodisornth, in the ré¬ 
gion of rhe saphenous opening In 37 % of 
cases the following veto s open into rhe 
fémoral vein (A); the givor sopfienous vein 

(9) ; the latéral onessory saphenous vein 

( 10 ) . the supet final drcumflex iliac vein 

(11) , the stipetfidal epigastric vein (12). and 
one or more extemcf puâenâül veins (13), 
Therefbre, the so-called ‘‘venous star"' 
shows inany variations, which a te shown 
in the varions detailed diagrains. 

Variants {B~R} 

latéral Accessory Saphenous Vein (B-E). In 1 SV 
of cases this vein may join the fémoral vein 
proximal to the opening (B), In 9% of cases 
theie is a common jonction wjth a irunk 
consisting of the superficial drcuinflex 
iliac vein and rhe superfïdal epigastric vein 
(C). In the saine proportion there is a coin- 
mon terminal of the latéral accessojy 
saphenous vein and the soperflcial c î reum- 
llex iliac vein (D). Rarety, the latéral aeces- 
sory saphenous vein and rhe superficial 
epigastric vein (E)join at the il terminât ion. 

The great saphenous vdn (F-C) may reçoive a 
media/ accessory Süph étions vein (14). 
Eirher ir perforâtes the fascia (F) distal tp 
the saphenous opening (in 1%), or iL 
reaches the fémoral vein (C) in the 
saphenous opening. 


In \% of cases the cxtemaJ pudential vrins 
(H-l) join a médial accessory saphenous 
veîn (H), while in 2% of cases lhey combine 
with the superficial epigastric vein (IJ* 

The position of rhe supciftcul epigastric vdn 
(J-N) is particularly variable, It may join 
with the superficial exrernal pudcndal vein 
before the gréai saphenous vein (J)l Some- 
rimes (1%) ît opens proximal to the 
saphenous opening into the fémoral vein 
(K), tn 9% of cases it may forrn a common 
trunk with rhe superficial circumfiex iliac 
vein and this opens into the laie rat accès- 
sory saphenous vein(L), which reaches llie 
great saphenous vein in the saphenous 
opening. Somerimes rhe superfinal epi 
gastrjc and the suiierficial drcumflex iliac 
veins join the superficial ex tentai puden- 
dal vein and the latéral accessory 
saphenous vein to form a comtnon trunk 
whtch joins the great saphenous vein 
wlrhîn the saphenous opening (M). In 6% 
of cases, the superficial epigastric vein i uns 
into the supeificial eittumfle* iliac vein 
and ïhïs trunk opens directly into the 
fenierai vein (N), 

As has already been described, in 9% of 
cases the superficial cire unifie* iliac vein 
(Q-R) may open with the superficial epi- 
gastrir vein and the latéral accessory 
saphenous vein into rhe grear saphenous 
vein (O), and in a furiher è% lhe latéral ac¬ 
cessory saphenous vein also opens into it 
(P). Somerimes the superficial drcumflex 
iliac vein opens into rhe grear saphenous 
vein rogelher wiïh lhe superficial epï- 
gastric vein (R), 

The va l ia nts desenbed aixwe r epreseni a som¬ 
ma ry of lhe author's many observa lions, as well 
as chose ol Lan/ VVtiehsmiiHi. 
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Perlpheral Nerves and Vessels: Lower Limb 


Gluteal Région (A, B) 

Subcutaneous Layer (A) 

The gluteal fascia (t) be cornes évident after 
removirtg the skin and the fatrith subeu- 
tancous tissue. At lhe upper margin of the 
glutens maximus, this fascia becomes con¬ 
tinuons with rhe firm gluteal Gpcneurosis 
(21 

The skin is innervated by lhe clunial nerves 
and Iry lhe latéral fufo néons b ranch (3) of 
file ffîolï^pgGAtric nerve, l he upper portion 
is supplied by the sirperior rfunrâf nerves 
(4) which are the dorsal rami of spinal 
nerves L1-L3. The middle area of the skin 
of the gluieal région is innervated by the 
middle du nia f nerves (5). which are the 
dorsal rami of spinal nerves S1-S3. Inferior 
duniûJ nerves (6), which arise directly or 
indireclïy from the sacral plexus, loop 
around the lower margin of the glutens 
ma xi mus; indirect ly. insofar as we can bc 
dealing with twigs from the posterior 
fémoral cutaneous nerve. 

The bloocl supply of the skin is essentialty 
from branches of the superior and inferior 
glureaï arteries. In the médial région it in- 
volves a twig from the lumbar arteries* 
whereas lateFalty. in lhe région of the 
gréa ter trochanter* the a rte ri al branches 
arise from the first perforating artery (from 
the deep artery of thigh). 


Subfascial Loyer (B) 

The glutens maximus (7) and lhe 
ischiocrural muscle group at ïts lower mar¬ 
gin beconie visible after removat of the 
gluteal fascia. The laner muscle group 
comprise muscles originating from the 
ischial tuberosity; the oddunor magims 
(8). semfmembronûsus (9}, semirendmosus 
(10) T and the long head of the biceps (11), 
The posterîor fémoral cutaneous nerve (12) 
courses lateraîly to the biceps and crosses 
over il supcrlidaUy. Deepty lies the .sriaric 
nerve (13). which ex tends distalty and can 
be tracked relalively easily if one draws a 
line from the ischial tuberosity to the 
greater trochanter and drvides it into 
thirds. The sciatic nerve can then be found 
at the lower margin of the gluteus ma xi 
mus between the protonged border of the 
médial and middte ihird of this line. Latéral 
to the sciatic nerve. the fini perforating 
artery (14) and ils accompanying veins de¬ 
scend oblique ly while Crossing over the ad- 
dur for mi mm ns (15). 
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420 Periphenal Nerves and Vfesîeii: Lowcr Limb 


Gluteal Région» continuée] (A-C) 
Deep Layer (A) 

After the glutens maxitnm fl) ha s been 
divided. rhe vessels and neives whirh 
traverse the suprapirirorm and irtfrapiri- 
forin Fora mina corne into view, 

The two foraiTiina are formed by the prrï- 
/onxiLs (2), which subdivides The grealer 
M'ïatic foraincn. The st/perïûrgfutea/ orteîy 
ûnd win £3) and rhe superior gluteal nerve 
( 4) pas s through the suprapiriform foramen 
laterally. The ariery sends a b ranch (S), ac- 
companîed by a vein, to ihe glutens maxi- 
mus (1), and then, together with a vein and 
the nerve, if ru ns betweefl the g/unrus mé¬ 
dius (6) and the g/t/feus mînînius (7), The 
superiut gïutcal nerve innervâtes the glu¬ 
tens médius and miniums and the te user 
fasciae latae. 

The in/éricf g/ufeo/ urfery und veôi [8) and 
the inferior gluteal nerve £9) run through 
the Êtifrapiriform Foramen to the gluteus 
maxiimis (1). The interne/ pudend ortery 
and veto (10) and the püdatàal nerve [11) 
arch posiettor to the ischial spine and 
leach the ischiorecral (isdiio-anal) fossa 
through rhe lesser scia tic foramen, They 
run dorsal to the superiu* geme/tos [ 12 ) and 
rhen adhère to the obfi/nvtur intermis [13). 
The posrerior /emoraj cntmeous nerve (14) 
and the srtot/c nerve (15) leave the lesser 
peivts through the infrapiriform foramen 
and leach the thigh by passing dorsal 10 
rhe vt/perior gemel/us (12), the obfurafor in- 
femus (13), lhe inferior gemettus (16), and 
the quodfilftis/emoris ( 17), 

lhe poste ri or cutaneous fémoral nerve (14) 
gives otT the inferior clunial netves (18) and 
then q perineai brandi (19) soon afrer il 
émerges from the infrapiriform foramen. It 
then passes superfrcial to rhe fong head of 
the biceps muscle (20), while the sdatic 
nerve (15) runs belween rhis muscle and 
lhe ûddutïor magnns (21 ). 


wm Variants: lu about BS% ut cases the sciât k 
nerve runs through îhe mfrapinform foramen 
(A) as a uuiik. In about 15% of cases, the seiche 
nerve already di vides within the pdvis Info its 
two branches, die tibial nerve and lhe fommon 
peroneal nerve. In about 12% the common pc- 
i entai nerve perforâtes the pi ri I crm muscle, 
whiie m 3% it even leaves the petvis Lhtough tlie 
suprapiriform foramen, 

M Clinicai Tip (B» C}: lhe gluteal région is an 
idéal site for intramuscular injections. Inira- 
glLiteal injections aie usually given into the su- 
peroialeral quadrant (cross hatched in hlm?) of 
the gluteal région (B) into the gluteus maximus 
(1) or lhe gluteus médius (6). lhere is. huwevci, 
danger of injeciing too supeificiallv, i L e^ subeu 
taneously. or loo deep betwm ibo glutens max 
îtiius and tlie gluteus médius iulo the inter- 
muscuîar fat. thits endâflgning lhe superkn 
gluteal nerve (4). 

À , v, ifndisreniT has lecommendcd injccung 
Irom tlie side{C) m a ttiangular ficld (liatrhed in 
red). behind rhe anterioi suiviior iUac sjkne, 
into Use glutens médius and gluteus mmimus. 


22 Sacrotuberous ligament 

23 Ttodunteric bu rsa of gluteus msdinus 
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B Diagram tïfvessels and nerves potentially 
endangered by jntragïuteal injections 


C LntragJuteal injection site as 
reccmmended by A,v. Hochitetter 
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Pertpheral Nerves and Uessels: Lower Umb 


AnterJor Région of the Th Ig h 
Subcutaneous Layer {A) 

The various areas of the subcutancous 
f issue of the anterior thigh région differ in 
lheir structure. Tfic proximal part, in the 
subingu inai région, has strong connective 
t issue lamellae~mcmbranous laycr (see 
p.414). which divide the subcutaneous 
fatty tissue imo two layers. In addition, the 
saphenous opening {1} is cave ne d by a 
loose connective tissue layer, lhe crib- 
ritorm Fascia. 

When the cribrîform fascia is removed, the 
Sharp margin of the saphenous opening, 
the falciform margin, becomes visible. The 
falciform margtn merges into the fascia 
lata mediaily in the superior and inferior 
horns (p.254). The fascia lata (2). whîch is 
contiruious but for the saphenous opening, 
ts aiso variable in structure. In the latéral 
thigh il is tant and kcpt stretched by the 
tensor fasctae latae which radiâtes into il. 
fhis part of the fascia is also calied the 
ihofihinl tract (3). The fascia is looser in the 
médial part of the thigh, 

The greof saphenous veto (4) ru ns subcu- 
taneously and is often joined by the tarerai 
accessory saphenous veîtr (S) and less often 
by the medtal accessory saphenous vein (6). 
The other veins which enter the saphenous 
opening hâve already been described on 
page 416. 


11 Superolateral and inferior superficial 
inguinal fymph nodes 

12 Deep inguinal Jymph nodes 

13 Fémoral vein 

14 Fémoral artery 

15 Superftcial epigastric artery and vein 

16 Superfïcial circumflex jliac artery 
and vein 

17 Externat pudendat artery and vein 



Lateralïy, near the jonction between the 
proximal and middle thirds, the loferai 
/e moral aifaueous nerve (7), l>ecomes ept- 
fascial. while the anferior tutaneous 
bronches of the fémoral nerve (S) perforaie 
the fascia at varions levels. The fémoral 
branch (9) of the genifo/emoral nerve eilher 
runs rhrough the saphenous opening or 
latéral to il through the fascia lata. A s mai! 
area of skin on the médial upper side of the 
thigh is inncrvated by the iho-ittguinaf 
nerve (10). 
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Peripheral Nerves and Vessels: Lower Limb 



Anterior Région of the Thigh, 
continuer! (A-H) 

Deep Layer (A) 

The large vcssels and nerves are seen after 
removal of rhe fascia lata. Within the 
fémoral triangle, which is limiied hy rhe to- 
guïiuil ligament, the sartorius (1 ), and the 
adductor fongus (2), lymphaties, the 
/efïioïcï/ veto (3), and rfie Jfcmonrf arto/y (4) 
reaeh the thigh ihmugh lhe vascular space, 
and Lhc/êaiora/ nerve (S) and the tïtopsoas 
(6) thmugh the muscular space- 

After having given off ils superficial 
branches (see p, 414}, the fémoral artery (4) 
gives rise lo muscular branches, and a par- 
titularly large one, the profunda femoris 
artery (7). is buricd deeply in the muscles. 
In 58%of cases the profunda femoris artery 
gives off the médial drcvmflex fémoral 
artery (B) lo the adduciors and the head of 
lhe femtir, and the torero/ nrnjwjfîex 
femomt artery (9), which sends an nscenrt- 
tog brandi (10) to the head of lhe fémur 
and a descemftng hmnch (il) ro the qwadri- 
ceps femoris (12), lhe profunda femoris 
artery usually ends in three per/bm firig ar- 
teries (13) which reaeh lhe adduetnr 
muscles and the dorsal muscles of the 
thigh. Médial to lhe fémoral artery, the 
fémoral vein (3) enters the vascular space, 
lt collects, in addition lo the subculaneous 
vein s (see p.416), the veins which accom- 
pany the artelles. 

The fémoral nerve (S) passes through the 
muscular space into the thigh and, after 
giving oh the anterior fenwal cutaneous 
branches, it innervâtes the sartorius (IJ, 
the tjtiadriceps femoris (12), and the pei- 
iineus (14) r Jts longest, purely sensoiy 
b ranch is the saphenous nerve (IS), which 
runs latéral to and together with the 
fémoral artery (4) and fémoral vein to 
reaeh the adductor canal. These structures 
lie on the adductor Jongus (2), which takes 
part in fomiing the anteromedial înter- 
muscular septum (= vasto-adduttor mem¬ 
brane), and the posteriorwall of the adduc¬ 
tor canal. A part from the adductor longus. 


the uasfus mediath (16). the adducior mag¬ 
ma (17), and the cmreromedto/ Hitcmutat- 
tor seprtim [^vosfo-or/duefor membrane; 
18) are involvcd in formation of the adduc¬ 
tor canal. The saphenous nerve usually 
(62 %) perforâtes this membrane together 
wïth the descemtoig genimtar artery (19) to 
entend onto and innervate the méritai sur¬ 
face of the leg. It gives off an infrapatellar 
brandt (20), 

Variants (B-H} 

lîierc is grcat variability on the origin of 
the saphenous nerve (15) from the fémoral 
nerve and ils course in the thigh (Sinrng). 
Very often ît arises from the fémoral nerve 
(5, B) proximal to the latéral dmmnflex 
fémoral artery (9). It may embrace the 
latéral circumflex fémoral artery (C) with 
two mots. Soniewhat less commonty it 
nnly anses from the fémoral nerve after 
Crossing lhe latéral circumflex fémoral 
artery (D, E), It mâches the adductor canal 
perforâtes the anieiomedial in terni uscular 
sept uni {^vasto-adductor membrane; 18) 
and may give off its infrapatellar branch* 
either médiat (B. C) or latéral (D) to or 
through the sartorius (E). Jn rare cases (E), 
the infrapaiellar branch also reçoives ftbers 
from lhe cutaneous branch of the tmlericr 
branch af the obturator nerve (21 ). 

lhe branches from lhe fémoral artery (4) 
aie also very variable. Most commonly 
(50% according to Uppert) the médial (8) 
and latéral (9) circumflex fémoral arteries 
a ri se from the profunda femoris artery (F 
7). Jn 18% of cases (accordipg to tipperi, C) 
the latéral rircumflex fémoral artery (9) 
anses from the profunda femoris artery 
(7), while, actordïng to the saine autlior. 
the nie dial dmimflex fémoral artery (8) 
arises from the profunda femoris artery (7) 
in only 15% of cases (H). The remai ring 8% 
are distributed among much racer variants. 
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B E Variants of saptienous nerve 


A Subfascial layer of anterior 
région of thigh, with fémoral 
artery displaced medially 


F- H Variation in branehjng of fémoral 
artery in subinguinal région 
[after toru-VVocri smotri) 
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Perlpheral Morves and Vessels ; Lower Lïmb 


Posterïor Région of the Thlgh (A, B) 

Afier removal of the fascia, leaving die ïfto- 
fibial rracr(l) intact, ai the lower margin of 
the g/ufeus mcxîmtis (2)the subfascial part 
of the posterior fémoral cutaneous aerve (3) 
becomes visible as jt runs superficial to the 
long head of fhe biceps /cmoro [4). 

Between the topg head [4) and the short 
head (5 ) of the biceps femoris, the sriafic 
nerve (6) runs distally. At variable levels it 
divides into the fihujt [7) and the commun 
fthular (peroneal) neives (8), Before this di¬ 
vision, the sdatic neive gives off another 
brandi (9) to the biceps femoris. The tibial 
nerve runs between the heads of the 
gr/sfrornemius (10), givrng off various 
branches (see p.43ü). The common fibular 
nerve follows Uie ixMerior margiii of the 
biceps /entons (11), 

The primary perfora ting artery (12), a 
brandi of the deep Fémoral artery, reaches 
the posterïor side of the thigh. Lt passes lie- 
tween the pectine ns and adductor brevis 
muscles and thcn picrces the adductor 
minimus and rnagnus muscles. With its ac- 
companying veins, it crosses the stiaüc 
nerve veutratly (but dorsalfy to lheadduc- 
tor minimus and adductor magnus) and 
gives off brartelies to the long head of the 
biceps femoris (4) and the semifeudmpsus 
(13). On the dorsal surface or tl>e adductor 
magnus, the primary perforât!ng artery 
anastomoses with branches of the second- 
ary perjbruting crrery (14) and the Jatter 
anastomoses with brandies of the rcrtiary 
petforatmg artery. The tertiary perfora ting 
artery is the end artery of the deep artery 
of thigh and pénétrâtes the adductor mag- 
nus near to the hiatus of the adductor ten¬ 
don. lt supplies the semunemhra nos us and 
the sliort head of lhe biceps muscle. 

After déplacement of the semimembrano- 
sus (15), the ndduefor hiatus (16) tomes 
into view. The adductor hiatus (B) is 
bounded by lhe t wo parts of the adductor 
magnus (17). One part is inserted into the 
médial ïïp of the tinea aspera and the other 
into the adductor tuberde of the médial 


épicondyle. The fémoral artery, whkrh runs 
through the adductor canal, passes 
through the adductor hiatus to reach the 
poplîteaï fossa and becomes the pep/iteaf 
artejy (16) on the dorsal side of lhe Ihigh. 
In addition to muscular branches, it alsn 
gives off :he médial and latéral superior 
genicular arteries. Tlie poplite^l artery is 
generally aceompanied Isy the usually 
paired pcpùTeaf veins (19). 

H Variant; Very otc j iionally there is one sciotir 
trrtüry which devdopmeiirafly is the jMinury 
vascular supply to the Jeg. Kenmanrs remain as 
the rnmirmis artery of the sridfit nmr. 
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Perf plierai Serves and Vessels: Tower Limb 


Poster!or Région of the Knee (A-K) 

Subcutaneous Layer (A) 

Thegreatsvphenous vein (I) lies in the sub¬ 
tu ta ncous layer at the médial rrtdrgin of 
the posterior knee région- In the leg iï is ac- 
tompanied hy the saphenous nene £2}< 
which becomes subtuianeous ai the Jower 
margin of the popliteal fessa. The smaff 
saphenous vein (3) sometimes [see betow) 
perforâtes the fascia al the lower margin of 
lhe popliteal fessa. It is actompanied by 
the media/ suraf tutaneOUS riene (4) which 
iscontinued as the sural nerve (see p.434). 
in addition, the posterior fémoral ctifoneous 
nerve wïlh ils branches (5) terminâtes ru 
the popliteal fossa. 


Variations in the Site ol Union 
of the Small Saphenom Veïn 
with a Larger Vein (F-K) 

Mercier et al. also reponed great varîability 
in the manner in which the small 
saphenous vein (3) ope ns into the larger 
veins. In addition to its typicaî opening (F) 
into the popliteal vein (6), the small 
saphenous vein £3j may also give off a 
brandi to the great saphenous vein (l. C). 
tn the pnesence of this branch, the s malt 
saphenous vein (3) may also open directly 
into the fémoral vein £7, H). Further vari¬ 
ants indude either an opening soîely into 
lhe great saphenous vein (I) or into the 
fémoral vein [J), in which the latter union 
also may he delia-shaped [K). 


Variations in the Course 

of the Small Saphenous Vein {11—E) 

The small saphenous veia which is very 
important in phlebology, ru ns a variable 
course in relation to lhe crural fascia, Ac- 
cording to Morcmanu and Horfweff the 
small saphenous vein (3) perforâtes ihc 
crural fascia in the distal third of the leg in 
7% of cases (B), runs subfascially to lhe 
popliteal fossa and lhen tu ms deep to join 
the poplrterd voie (G), Most commonly 
(51.5%) the small saphenous vein (3) per¬ 
forâtes lhe fa scia in lhe middle third of the 
1 * 8(0 

The second most comrnon site £32,5%) for 
lire small saphenous vein (3) to peiforate 
lhe fascia is in the proximal ihird (D). Il 
perforâtes the fascia within the posterior 
knee région £Ë) in only 9% of cases. 
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A Subcirtaneüus layer 
of pupilles I füssa 


B - £ Sri ps of perf o ratio n of f asria 
by smail saphenous vein 
(after Moosmonn artd J-torttveM) 






T- K V.iiious way* mwtikfasmal saphenous vein opens into larger vekis (after Memier et al.) 
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Perlpheral Serves and Vessels: lower Ljmb 


Poplitaal Fossa (A-G) 

Deep Layer (A) 

After rénovai of the fascia, the rbomboidal 
popliteal fossa bounded by mus des is seen, 
The popliteal fossa is bounded medially 
and proximally by the semi membrai iosus 
(1), laterally and proximally by the biceps 
ferrions (2), and distally by the latéral {3} 
and the media/ [4) herjds of the gasfroaie- 
mius. The sciatte nerve and Us branches can 
be seen proxirnally between the seine 
membranosus and the biceps femoi is. 

The tomïTion ftbülar (peroneat) nerve (5) 
descends superficially a long llw posierior 
border of the biceps Éemoris, whtle the sec¬ 
ond brandi, the tibia/ nerve [6), exiends 
distal [y between the two heads of the 
gastiocnemius, The tibial nerve gives off 
mt/sra/or branches (7) and a media/ saraf 
r a rançons nerve [8), which, logether wilh 
the connunicatitig peroneal branch, 
forms the stiral nerve (see p. 434). 

Deep in lïw poplileaï fossa we lînd the pop- 
/ifeof artery (10) acconpanîed by the pop- 
titeal vefns (0). Al a variable level (see 
below) ibis arrery gives oFflhe oMetior rih- 
iat artery (11). The small saplwnoos veïn 
usually reaches the popliteal veto but, as in 
the préparation ilïustrated, it may noi open 
into a laiger vein unlil it is proximal lo the 
popliteal fossa. 


In 3% of cases the popliteal artery (10) 
gives off the anterior tibial aneryjust prox¬ 
imal to the poplité us (E. sec also Fig A). 

In 1% of individuals the anterior tibial 
artery (11) arises al the same high leveï 
with the presence of an anterior pero- 
neotibial trunk (F 15) t or, another variant, 
the course of the anterior tibial artery (11 ) 
ru ns ventral to the popljteus (12 G). 

Ulniçal Ttp: Atypical or additkmaJ origim of 
muscle fibers of the gASUOCneinhis musde frocn 
the popliteal fasria* frt?m the médial lip uf rhc 
linea aspera and frum the connective lissuc 
ttiycring of the popliteal vcssels can ïead lo a 
"popliteal compression syndrome", fhb syn¬ 
drome can also api>ear in thuse rare instances in 
which the anierior tibial artery course* vencraïly 
tu the poptireus muscle (G). 



Variants of the Arterlal Branches (B-GJ 

In 90% of cases (B) the popliteal artery ( 10 ) 
gives off as Us first branch the anterior 
tibial artery (11) dorsal to the popfireus 
musete (12). dividing Further distally into 
tiw posierior tibial (13) and fibutor (pero- 
neat) (14) arteries, In about 4% of cases (C) 
tiw art elles arise togelher. It is unusual 
(1%) for the anterior tibial artery and the 
peroneal artery (q armer peraneoribiai 
trunk; 15) to originale togelher at che distal 
edge of tiw popliteus (P). 
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B-C Variants of a rterial b randies of popliteal artery (af ter Lorg-Wixhsmuth ) 


prierai Patriforays. 
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Anterior Région of thé Leg (A, B) 

The su beu ta néons neunovascuïar bundles 
run essentially on the me dial side of the 
leg. 

The g rem saphenous vein (I) collects hlood 
fnom the met! i al side and the dorsum of the 
font and ascends to the triceps surae with 
the saphenous nerve (2). This nerve inner¬ 
vâtes the slcin on the médial surface of the 
leg as far as the médiat margin of the font 
and with its infiVipateUar brandi (3} it in¬ 
nervâtes the skin of the m/ropofe/tar ré¬ 
gion. Later it gives off the médial cutaneous 
branches of the feg (4), 

After removal of the fastia of the leg in lhe 
latéral région, the fib/afrs amener (5) is 
secn proximal to the tibia (6). The extensor 
diglforum long us (7) lies latéral to the tib¬ 
ial is anterior and dccpJy in between them 
is the extensor haffuds fongus (8). Latcrally, 
lhe fibulatis (petvneus) tongus (9) and the 
fibutaris [pemneus) brevis ( 10 ) may also he 
seen, 

The sui)etficïQl ftbular (pavneat) nerve (II ) 
ru ns distally between the extensor digi- 
torum longus (7) and the Bbulâf muscles 
and branches on the dorsum of the font. It 
perforâtes the fascia of the distal halfof the 
leg. Deep between the tendon of the tib¬ 
ial is anterior (5) and the extensor hallucîs 
long us muscle ( 8 ) ru ns the euferior tibiol 
artery [12) wilh its acconipanying veins* 
the on ténor tibia f veins (13), and the deep 
ftbuiar (peroneal) nen j e (14), which to¬ 
ge rher with its motor fi bers atso carnes 
sensory fibers Trom the area of skin be¬ 
tween the flrst and second digits. 


Clinical np; the stress of prolongée] rruardi- 
îrtg may cause the Anterior lïbiaï sytidmme". 
This produces shatp pam latéral tt> ïhe tibia due 
to damage to the anterior ribial aïtery and lhe 
nbialis amenot muscle. There is usualiy aiso as- 
soc iated damage to the deep fslxilar (peroneal) 
nerve, which may be misriiagnosed as a peroneal 
paralysis. 

15 Fibularis tertius 
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B Detaifed view 


A Anterior région of leg 


1 

4 

2 
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Peripheral Nerves and Vessebi Lower Umb 



Posterior Région of the Le g (A-E) 

Of the larger structures, only veins and 
nerves are visible subcutaneously. The ré¬ 
gion is stipplied with blood deeply through 
branches of the posterior tibial artery. The 
appearance is not tundamentally aïtered 
by removal of the fasria ofthe leg, although 
the triceps surae (1) dœs become visible 
with the two heads of the gastrarnemrus 
(2) and the soleus (3J, The triceps surae is 
attached to the ca Ica ne lis by the ca/conea/ 
tendon (4). 

Tiw sapfienous nerve (5) and the great 
saphenous vrin ( 6 ) are visible medially. The 
largest sticieture is the sma// sapbenous 
vein (7), which begins at lhe latéral margin 
of lhe foot and ascends toward tlie pop- 
liteal fossa. Ils relationship to the tascia is 
deseiibed on p.42B. The great and small 
sa plie nous veins are connected by numer- 
ous anastomoses. There are also the per- 
forating veins (fi), which joln the subtu- 
laneous veins ta the deep veins (anrerior 
and posterjor tibial and fibular = peroneal 
veins). Valves direct the ftow of blood from 
the superficial to the deep veins. 

The mediül cuftmeot/s surnf nerve (9) is ac- 
companied by the small saphenous vcin 
and usuaily perforâtes tiw fascia in the 
middle of tiw leg, It joins tire peroneal rom 
mnnicofirtg branch (10) to form the sura/ 
nvrve (il), which innervâtes the skin oi the 
posterior région of the leg. With ils con¬ 
tint tation, the loterni dorsn/ eu fonçons 
neive (12), il innervâtes the latéral margîn 
of the dorsum of the foot, and with the 
totem/ aiïcanea/ branc/ies (13) it innervâtes 
tiw latéral catcaneal area. Media/ ra/raneaJ 
branches (14) arise directly front the tibial 
nerve and innerva te the skjn in tiw médial 
region of the calcaneal area, Immediately 
posterior to the head of lhe fibula, the corn ■ 
mon fibular (peroneal) nerve (15) descends, 
ït is always in danger of injury because of 
its superficial position. 

After removal of the media/ head of the 
gastrooicmius (16), the pop/ifeus (17) be- 
comes visible; it is covered by the fascia. 


This way lhe pop/rfea/ artery (18), the pop- 
/rteal veins (19), and the ribitoj nerve (20) 
can be viewed until they enter the fen 
drnous errii of the soteus muscle (21). The 
entrante may be hidden by the planta r 
musrie (22 ). Deep in the posterior région 
of the leg. covered by lhe soleus (3), run 
the posterior ribia/ artery (23) and the ftbu- 
lar (peroneat) artery (24). The posterior tib¬ 
ial artery is the continuation or the pop- 
liteai artery (18) after ït bas given off the 
antertor ifbicrf artery (25). 

H Variants. (C-EJ; As at other sites, the arieries 
show a number of variants, knowledge of whirii 
is important for cliniral purposes (arreriography, 
ligalions, etc.]. As a mie (C) the posterior tibial 
artery (23] descends on lhe posterior surface of 
the tibia, rearhes the media! retromalleolar ré¬ 
gion (see p. 410) and divides mie the plantai ar¬ 
tériel The fibular (peroneal) artery (24) de¬ 
scends near the fibuîa, giving off a petjoratwg 
brûiKh (26) which pinces the interosseous 
membrane and ends in tiw région of tiw latéral 
ma licol us. Sometiines (D) lhe phylogenethally 
ddei fibular (pemneal) artery (24) may replace a 
poorly developed posterjtu tibial artery (21). In 
rare cases (E], lhe posterior nfaiaî artery is 
completejy absent and the fibular (peroneal) 
artery (24) takes over the blood suppîy foi rite 
entire région usuaily supplied foy lhiv artery, 

clipic al Hpï vancose veins aie caused by in- 
sufliciericy of the superficial veins. Ldema, ec¬ 
zema, and ulcération ohhe leg aie due to insuffi- 
ciency of the perfora ting and deep veins ©f tlie 
leg. 
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A Posler Èüi région of leg 



C-E Variante of posterior tibia I artery 
and fjbular (perun&sl) artery 
{redrawn after tcnz-fAfcrchs/nuth} 
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436 Peripheral Nerves and Vessels: Lcwer Limb 


Médial Retromalleolar Région 

(A. 8) 

The media! letromalleoïar FCgion inc lu des 
the area between rhe media! malleolus and 
the calcaneal tendon. It is limited distaily 
by the flexor retinacuïum (lad nia te liga 
ment), which conststs of a supcrjïàat and a 
deep loyer (sce below}. 

The superficiat Ici ver (î) is a thiekening of 
thejbsdü of the feg (2). It extends from rhe 
médial malleolus to rhe posterior surface 
oF the calcaiieal tendon and the cakaiieat 
tuberosity. Neither proximatly nor distaily 
is it clearly demartated. 

Subcutaneous Layer (A) 

This layer contains veins, curaneous nerves 
and small cutaneous a rte ri es (not il- 
lustrated). The great sophenoits vein (1) 
runs near the malleolus and h readily vis 
ible t h mugit the ihin skin.lt reçoives bîood 
from the cutaneous venous network and 
from deep vein s (4). The SOpfclttOUS nerw 
{5} blanches in this région to supply 
sensory innervation tôt lie skin. 

Su bfatrial Layer (B) 

After removal of the fascia of Lhe leg, the 
neurovaseular bu n die and the long 
muscles oFihe sple to the foot can be seen 
proximal to the llexor retinacuïum. Also 
visible is the deep loyer (6) of ihe flexor a i t- 
inaeulum, which extends from the médial 
malleolus to the caJcaneus and complé¬ 
ments the bone grooves in creatmg osteo- 
fi brous canals for the long muscles of foot, 

Immediately behind lhe médial malleolus 
runs the tendon of the tïbia/ïs posterior (7) 
and adjacent to it the tendon of the fiexoi 
digitoruui ïongus (8). The tendon of the 
fiCAOi haüucis /ongus £9) lies deeper and is 
displaced somewhat backward by the me- 
dial tuberdc of the posterior process of the 
talus. Ail three muscles hâve theirown ten¬ 
don sheaths {sec p. 279). which are nor il¬ 
lustra ted heie. 


Between the SLperfîdal (1) and deep (6} 
layers runs the neurovascular bundle for 
the sole of the fbot. Adjacem to l he tendon 
of the flexor digitoruni longus (8) ru ns the 
posferior tibial arrery (10) wifh its accom- 
panying posferior tibia/ im'os (11). Posterior 
to these veins lies the fibiaf ner\e (12)* 
which usually divides berween ihe two 
layeFS into its terminal branches, the me- 
diat and lotirai plantai tiennes. 

Sometîmes this division may occur proxi¬ 
mal to the flexor retinacuïum and then rhe 
med ial plantar nerve lies immediately pos¬ 
terior to the llexor digitorum Longus. 

CHnkal T»p: The lonse. highty mobile skin 
lier? permits tisMie fhsid in ou un tu laie, and 
edema nwy tenir, Fingcr pressure will then pro¬ 
duce Listing i n délitations (pittingT which imli- 
cate fluid rétention in the body.The puise of the 
postenor tibial artevy may also Ite felt in this ré¬ 
gion. 
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Dorsum of the Foot (A-G) 

Subtutaneous Layer (A) 

A dense networii of veins, the dorsal venons 
nefwûrk offool (1}. fomis a dorsal venons 
arrfî {2} in the région of lhe metaursa) 
hones. into ihese superficiel veins not only 
the super/ïciuf cforsûf metatarscil wins (3) 
open, bot aise deep veins, lhe perforai ing 
veins (4) and the mterccpiUifcr veins (5), 
The blond is drained niainly through lhe 
grcat saphemus vdn (6) and nnty a smaller 
proportion travels via the kit cnil malleolar 
Network (7) to the smaîl saphenous vein, 

Small branches only from the deep aneries 
reach The subcutaneous layei and the first 
dorsal metatanal artciy (8), which has a 
variable origin (see below}, is the only one 
chat is visible. 

The médiat dorsal cutaneous nerve (9) in¬ 
nervâtes the skin on the médial side of rhe 
dorsum of the foot, in many cases supple- 
metited by the saphenous nerve (10), which 
innervâtes the médial maigin cf the foot. 
Sometimes the saphenous nerve (10) ends 
in lhe région of lhe médial malleolus. Only 
the adjacent régions of the skin of the first 
and second dtgjts are innervated by the 
deep fibutar (peroneal) nerve (11), which 
may anastomose with branches of the mé¬ 
diat dorsal ai tançons nerve (12). The inrer- 
merfiafe dorsaf a/raneous nerve (13) sup¬ 
plies the latéral haïl of the skin of the dor¬ 
sum of the foot, supplemented at its latéral 
margin by the final b ranch of The s oral 
nerve, the forera/ dorsal rufaneous nerve 
(14). 



Subfascial Layer (B] 

After removal of the Tascia and rétention of 
the inferior extensor retinaeuium. the 
dorsaffc pedis arfery (15) becomes visible, Jt 
runs ont o the dorsum of the foot. accom- 
panied by rhe deep fibular (peroneal) 
nerve (11). With the tendon of the tibiüfis 
anferior (le) passing beneath The médial 
ends of the inferîor extensor retinaculum. 
the dorsalis pedis artery and accompany 
ing veins and nerve lie between the ten¬ 


dons of the extensor haJJuds longes (17) 
and the extensor dtgfforam fongus (18). lhe 
dorsalis pedis arleTy gives off the latéral 
tarsal artery in the région of the reti- 
naculum and forms an arotoie aitery (19) 
from which anse the tforsaf merci tarsof ar- 
teries (20). These give origin not only to the 
dorsaf dtgitaf arferies (21). but also to the 
perforât in g branches to the sole of the foot 
or which the deep planter brandi (22) to 
the first jntejmseous space is particulariy 
important. The dorsalis pedis artery is ae- 
companied by veins whïdi communiste 
with the supetfirial veins. 

Cünical Tlps The puise is palpable in the 
dorsalis pedis a net y lai et al to the tendon oftlie 
fldcmdr haHucis longus. The foose subcutaftMftft 
! issue on the dorsum of the foot becomes lÜed 
with fl li id if ihere is a disturbance of tlie circula- 
lion, thus produdng edema. 


M Variante of lhe Adertes (C-C); Ttu: diisa! 
met a tairai ait pries* and thercfore also lhe ar 
cuaie artery, are very variable. Only in 20% of 
cases (C) do the dorsal metataisai HtHis anse 
from il H' dorsalis jiedis artery while in 6% (O) 
tbefouith meiatarsal arteiy ts SUppbed by a \*r- 
fnrating branch from rhe sole of the font. In 4(1% 
(E) only lhe first metaiarsal anery originales 
from the dorsalis pedis arteiy, and the lemainder 
of the dorsal me ta misai ailettes stem from plan- 
tar aneries. Jn 10% (F) ail lhe dorsal rmutarsal 
artnics corne front ihp sole of il>e foot. and in 
of cases [C) rhe first dorsal nvtaUrsal aitciy 
atone anses from a ptanurartery. 
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A Subcutaneous layèr of dorsum of foot 


B Subfasrial layer of dorsum of foot 
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C - G Va l iants of a i telles of dorsum of foot (af 1er Lrppot) 
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Sole of the ffoot (A-G) 

SupÊrfkial Layer (A) 

Wilh the exception of the margirts of the 
fnot the planter apQwnrosrs (1) covers the 
deep structures of the sole, încluding rhe 
principal trunks of rhe peripheral parle 
ways. As rhe skin of the sole of the foot has 
a parti eu la rly t ich blood supply, there aie a 
large number of pinnfar ru ((menus ar/rries 
{2} and plantûr cutaneous vrins (3). In lhe 
cale aurai région, rhe arteries form a nct- 
work. the rcte calcanéum (ccfraneal onns- 
fomusis), which is suppliée! by branches 
front the posforior tibial and /ibu/or nrfer- 
ies. Additional branches stem from the jur- 
diflf plantar and the Ja ferai plantai arteries. 
The médial planter artery gives off a super- 
/ïrinl 6rqnch (4}. which beeomes visible at 
the médial mai gin of the plantar 
aponeufosls* accompanied by rhe first 
proper plantar d(gftt?f nom* (5), latéral to 
the aponeurosis there is often a subeu- 
taneous brandi (6) of the loferai p/rmfor 
arfeiy accompanled l>y the proper plan for 
digital nom (7) lor innervation oftheoutér 
margin of the little digtt, 

Between the longitudinal hundles of the 
aponemosis (1), the comment planfor cfig- 
If al art cries (8) and the corn mon plùruor 
digital nerves {9} become subeutaneous. 
the common plantar digital arteries, which 
dîvide into propet plantûr digital arferies 
( 10) h usually repiesent a continuation of 
the plantar metatarsal arteries (see p.442) t 
but niay (very uneommonly} aiise from a 
“superfiriat" plantar arch. Often the super fi¬ 
lial bratich (4) of rhe médial plantar artery 
can take «ver the blotti supply to the mé¬ 
dial side of the great digir as the /ïrsf proper 
plnmar digital artery (11), The cwnmon 
plantai digital nerves (9) divide su beu- 
taneously into the proper digital nerves 
( 12 ). 


Variants of the Deep Plantar Arch (B—G) 

In 27% of cases (B) rhe four plantar 
metatarsal arteries are snpplied by the 
dttp plnntor brandi (13) of the dorsal is 
pedis artery, while in 26% (C) rhe deep 
planfor arrlf (14) is formed entirely by the 
deep plantar brandi. In 19% (D), the tourth 
plantar metatarsal artery anses from the 
deep braitch (15) of rhe latéral plantar 
artery, and in 13% (EJ the third plantar 
metatarsal artery doc s so as well, while the 
ot fiers stem from the deep plantar branch 
(13), in only 7% of eases (E) do ail the plan¬ 
tai metatarsal arteries a ri se from a deep 
plantai arch (14) that is Formed entirely 
from the deep h ranch (IS) of the latéral 
plantai artery. 1 n 6% (C) the second to 
fourth plantar metatarsal arteries arisc 
from a deep plantar arch (14), while the 
first plantai- metatarsal artery ariscs from 
the deep plantar brandi (13), 
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of soleoffbot 
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Sole of the Foot, continuée! (A, B) 
Deep Layer (A) 

Aller removal of the plantar opo^curosis 
and the fiexor àigitomm b revis ( 1 }. thc mé¬ 
dial and latéral neurovascular bundles of 
lhe soie of the Toot are revealed. Medtally. 
lying next to the nbdurtor fin Mûris (2), Mie 
media J planter artery (3), ils acco mpanying 
veins and the modinl plan far nerve (4) 
neach the soie of the fool. The médial plan¬ 
tai artery (3), which may run laterally 
(more frctjuentty) or medially fless 
frecjuently) to lhe nerve. divides into a $u- 
per/rr/n/ brandi (5), whfch run s superfr- 
cialîy to the Jœxar ballons brrvis (B), and a 
deep branch . Tiw superfidol brandi may 
(uncommon/vj continue as thc fini proper 
plantar digital ûrtery (7), acco mpanied by 
the /iirsf proper pkmtar digital orne (8) t 
which may hâve divided proximally froni 
the médial plantar nerve (4), The médial 
plantai nerve divides in setjuence into the 
first, second, and fhind common planrar d(g- 
dal nerves (9), which give off branches (10) 
to the lumbricals. lhe Hrst to third com¬ 
mun plantar digital nerves continue as the 
proper pianfnr digital nerves (11). Sortie- 
limes. the propet plantar dtgifal nerve (12) 
to the latéral si de of the fburth digit may 
stem from The médial plantar nerve. Us Li¬ 
ai ty. This région is innervated by branches 
of the latéral plantar nerve (13). 

The latéral neurovascular bundle, which 
entends toward the digits médial to the ab- 
durtor digifi mimmr (14). consi st s (from 
médial to latéral) of the latéral plantar 
nerve (13) and the loferai plan far arfery 
(15) and its accompaoying veins (16). The 
latéral plantar artery divides into a superfi- 
dat (17) and a deep (18) brandi. The super- 
fîcial branch supplies the latéral margin of 
the fool and the Utile digit, while the deep 
branch rakes part in formation oflhe deep 
plantai arch (19). 

The latéral planrar nerve (13) gives off 
muscular branches te the muscles which 
arise from the calcaneus, and also cu- 
taneous branches to the latéral margin of 


the font. lt divides into a suprrÿînai (20) 
and a deep (21) brunch. The superfïcial 
branch innervâtes via muscular branches 
the fiexor dtg'ni mmîmi brms (22) and the 
fourth lumbdoilts (23), as well as areas of 
skin above them. The skin of the little digit 
and usually the latéral surface üf the fourth 
digit are innervated by the commun plantar 
d(gilal nerves (24). which divide into proper 
plantar d(gifnl nerves (25). The deep branch 
(21) accompanies the deep planrar a re h 
and innervâtes the adductor hallaris lorçgus 
and lhe opponens rilgifi mirtimi as welî as 
the intéressé i. 

Deep Plantar Arch (B) 

Afier removal of the quadrafus plnnfnc(26} 
and the tendons of the/ïoxordtgîfomm Ion- 
gus (27) as well as thc oblique head (28) o! 
the adductor hallucis. the deep plantar 
arch (19) is revealed. 

ît runs deep in the foot, adhères dosely to 
the interossei muscles, and anastomoses 
with the deep plantar brandi (29) of the 
dorsal artery of the foot. Threc to four 
metatarsol plantar arterie s (30) arise front 
the plantar arch; they usually give off thc 
common planrar digital arteries {31 ). which 
divide into the proper plantar digital a rfer¬ 
res (32). 

For variants of the deep plantar aich* set 1 
p. 440. 


33 Interossei plantar muscles 

34 Transverse head of the adductor hal¬ 
lucis 
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A Deep fcayei uf &üle üf foot 
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B Deep planter arch 
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Index 

Bulrifoce |«pc ntimben Indicée extensive cuve rage of I hc subject- 


Abdfunen, régions üf 394. 398--«fl 
L‘[»KJilric 3?J4 
inguinal 394,400—40(2 
Ucral m 
lumbar 394, 4U4 
périmai 394. 40b 410 
anal 406, 408-410 
fcmalr 406 
male 408^310 
m ni^eniUil 4(M>. 408-4lü 
pgbk 394 
sacral 394 
ombilical 394 
Atxk n nina I wal 184- KM) 

ËueUf 97 

si les ol weakitess 96 KM) 
Aliduclinn 
hipTW. 244/246 
wriït. radial. 132 
shmJder 116* 118. 148 
thumb 176 
Wlist, nlnai 132 
AuMahsdurn iMri, (98 
Adduction 
bip m 244, 246 
shoubkr iki* ris, i 4 ù 
thumb 176 
AdiiXKSC (issue K) 

Amtioris 6 
AmphlarttlroiU 28 
Aiut<imK€d|ttHiNlv>x 124. 342 
Angle 

acromial MO 

Hlxiw [dut %22 
fnhntdE 286 
occipital 286 
of excursion 24 
oT inclination 192, 196 
M ibpi ihif IfMJ 
Ankle 122 
ligaments 222 
ninvcmeuEs 27/], 2liG 
Ar.kvlfisis 22 

Ariterinr fliawrr sign 212 

Anle vers du i 
bip 200 

shoulder 148, lïü 
Am lins Hbcnstis 54 
Apcritire 
pefcvic 
irai^ciur 188 
supenor t88 
pirifonn 292,308 
scafene80,360 
Ajuste ur^sis 
bicipital 154, m. Ï84 
dorsal, of the toe*26K 
epicramal 3iS 


pltifea) 254418 
palmar 160,178. 180, 388 
planter 228.270.440 
superfirial 728 
An+rfes) 
dorsal 438 

didpecfineal 100. 188,234,254 
palmar 
deep 330 
supeillrMl Ï90 
pl.iFtfar 226.228.230 
deep44H 442 
variant* 440 
Mj|jcifk Lai 440 
piihk 11X1 
vc?telTfdl 36 42 
fissures 44 
Arm 

lasctas 180 
muscles 154 -170 
DriirnvAsrufAii I n. ■ tri 1rs 386 
tcgkM& frf 366-180 
lüiIi iiik brariiial 368,176-378 
IxMcrlci brathml Mj 8, 380 
Allergies) 
alveolar 
inlerior 347 
supertor posterior 342 
ar^ul.u Uà 336 
ait tu le 438 
aurioilar 
d«fJ 342 
poêlerit h 352 
axillary l'ili, Tftl 372 
bcadfcd lift 372,378,384 
superficiel 376 
bi.w hutis 136 

buccal 342 

anHd 

f flïïu™ 362. 364, 366 
eximut 348. 350, 352.362, 
164 

internai .«JO, 348.362,364 
cervical 
asteixling 364 
deep 366 

superficie 358,16«X 364 
transveiîe 364 
fi Liai y. poster icn short 344 
circuinflex, or tpe scapula 396 
collateral 
médial 378 
mirldle 380 
radial 378. 380 
ulnai 

inferior 378 
supenor 378 

corrûtans of the sciatk nerve 426 
cutaneous, pianur 440 
deep. of trie ar m 38Û 


digital 

dorsal 392,438 
palmar 

commun 388,390 
pmper 388 
planter 

cnnimon 440.442 
propre 440, 442 
dorsahs pedis 438.440 
epigastrk 

inlerim 98. 398,402.404 
MitH'tfkial 400,414+422 
sUfieiior 398 
ftlimoidal 
anterior 300,344 
poricrinr 344 

facial 316.138,140,150,352, 

367 

tram verse 316,340, 352 
fémoral îOü, 232,416*422.424 
rirrumfkfc 
tarerai 424 
nuiflul 424 
tieep 2 32 

lifjtilai 410; 434* 440 
pnitcuüi. dosai idlng 424 
giuleal 
inferior 420 
sttpertor 420 
humerai; cîrajtirflCX 
anirnor 372 
poster mi 172,174 
iîiac 

rircunllrx 

dwp404 

superfk ial 3ftg. 400.414.422 
internai 4tï4 
infra-rutilai 136.118 
iMÉCrmstai. ügfiCst 366 
intmiftwoiÆ 
autrricï 158.386 
(ormnon 158. 384 
postent* 158 
labial 340 
labyiintbme 100 
laryngeaj. MipeiLur 362 
lingual 350.362 
(urohar 404 
mariHary 342.152 
médian 386 
meninpeal 
irüddle 300. 342 
posterirr 300 
menirigû^ ürtntal 344 
metacarpal 
dursai 392 
pii mi} 390 
métal arsal 
(toréai 43 B 
pïdncar 440. 442 
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Artery(ies) (m) 


A rtery{ ïei > 
mylnhyokl 3 42 
nasal, dorsal 334 338 
occipital 346 
nphthalmic 300.344 
palatine 
ascending 350 
gréa lei 300 
lessn 300 

périnéal 406.408.410 
prroneal 256.430. 434 
pharyngeat, ascênding 148 
plantai 

Minai 440.442 
médial 440, 442 
pnplitcaî 2%, 420. 410, 434 
ptofurida 

btathü 372, 374,37® 
lenio fis 424 
piidciad.il 

ex lemal 400,414,472 
internai 466.408.4 Ht. 420 
radial iss. i»4. m,. m», 392 
recta], intérim 400,40® 
récurrent 
radial 384 
ulnar 384 
scapular 

drcurnflex 372, 3/4 
dorsal 360. 364, m> 
tKn.iciwloivd 37/ 

IClfltiC 426 

scrotal, posttricf 40® 

spinal 

.mlrrkiï J MK) 

ixtslerinr 300 
steiTTQCleldomasloid 3(52 
stylornastold 300 
subctavûii 360,364, 366 
sLibmcn1.il 350 
vtibviapiilar 372 
Supra-crtMtaJ 336, Tt8.344 
supiascapoMr 360,364, t/ 0 
supraîrochleai 136, 338.344 
temporal 
middle34G 

suptificial 33a 340,342,352 
1i star Liai'40? 
îhnracit 
aialnnat 82. 166 
latéral 172.396 
ihoracü-atrumial 370,372 

Ihyn.nd 

infcriûT 356, 364 
variants 356 
superior 354,356.362 
tibial 

anterieur 256,436, 432. 434 
pcKtcrior 256,430,434, 436, 
440 
tympanlc 
Alite rioi 300,342 
superior 300 

ulïwr ISS, 384. 386, 388, 390 
ombilical. cond d 92, 96, 402 


vertébral 300.346, 364, 366 
zygamaucn-orkital 340 
Atlas 36. M 
develüpmrni 52 
fissures 44 
Axes of tfn? budy 
kmgitiidfcul (veitÉcaJ) 2 
sagittal 2 

i ra nwerse [ Ik ij à/oi ï 1 al ) 2 
A* il la 152 
Axis Ï6, üfi 
development 52 


Rasion 310 
Bit ipilaE gmeve 
latéral 368 
médial 168. 378 
Boik^s)M 
a pétai 114 

buyiiLitu 114 

carpal 124- ize 
nsvific.it mit 126 
mil i al 174 
dassMcatian 20 
«si tic al 20 

qinclfcma 21B, 270, 722 . 22 b 

dcvclopmrnl of 10 

dlRtlv 

offert 220 
of lunds 128 
routai 114 
cpipieik 314 
etlitnoid 782.296 
Hat 20 

I mutai 267,78 h. 788,202,290 
Irunlnpaiietal 114 

hip iflfi 

es ville al mm IHfi 
Bynid 282, 304, 316 
iiH.irial 700.314 
incisive 262 
inlti pariétal 314 
irregutar 20 
Mùimal 782 
la niellai 14 
long 20 

im-L'tarp.il 12K. 132 
ossification 126 
pseudœpiphysr-s 128 
incljtai'sal 22Ù. 226 
nasal 282.292 

cxtipiial 262, 766, 290,294,296 
palatine 282,204 
pariétal 287. 266,288. 290, 292, 
296 

pelions 262 

pneumarized 20 
sesamoiti 20.32 
Ibnt 220 
Ivntl 06 
short 20 

sptwnoid 262, 286.294,296 


supra-wxfpiul 314 
MJprasJ errai 66 
sutuial 314 

temporal 282.286. 768, 294,29G 
tiabecutar 20 
wormian 314 
tfWvrn t4 

zygomatir 282.2S8,792. 794 
H-reast 396 
Hfegnü lit) 

Bridge 

aljrioccnt 298 
intcriLliTinid.il ?98 
«MM 298 

lia;lia. clhmutd 106 
Briffe) 26 

jmerkte 250 
il ml si lit end innuv 734 
ilicijX'tlineJl IÜÜ,196 
mtrapaiellai, dwp 210 
prvpatcltaf 

stdmiancoifiZIO 
subùsttal 210 
MJbicndinnuv 710 
m înimeininanosuv 210,250 
Siilkoratnïd 140 
Mrbtuljm’ouvokxraiHin 156 
vubtcttdiitaNi* 
nf gavlmi iH-irum 2IÜ, 2513 
nf mfiaspnMIIis 138 
nf Mipravpinattis 116 
nf lal ivvitui lv dorsi 14(1 
{TfstdKlJ|HlMn!, 140 
Dftt-nv mjjni Ml! 
ofïmvps bi.Kliii 156 
uiprapjl citai TOCi. 210 
sytHmat 37 
ircx'luntcik 216 


Cakaneus zto. 226 
vptjr 216 
Cahana 266 
(.final 

adduclm 242.424 
i arirt ici 294, 300 
central (baver sian) 14 
coodytar 294,296, JOO 
iTaniopfiarynRcal 298 
fémoral 98, 100 
ftypogl essai BQ, 296 l 796.300 
iuusJvc 360 
inlia-orbital 306 
ÎFçuinal 66-58. 400 402 
nundibritar 30(2 
i îasulai ri mal 106, Il * 
übtLiEalcrt |®8 

Üptk 300. 306 
palatine 
gréa ter 306 
lesscrlÜG 
ptecygoirt 306 

pudendai (Alcorii^) 406.408 
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sjcijI 46 
VoJknwTin's 14 

Canal ici i|Lis(i} 
cuchleai' 794 
t.urmul 338 
Capitale b<rHi? 124.126 
Caput modusae398 
Ütrp.ll lyitlX'f E24 
Carpw 124-12 ü 
régions of 368, 3ÜK 
Cartilage 12 
rosi al 64 
plastic 12 
epiphysiM disk 17 
mérous 12 
IryaliiK: 12.24 
vesnmmd 17 
Ihyunid 154.156 
C.tvîiv 

glenoid lia nti. i4o 

juin! 20 
n.ivtl 30H 
orbital 106 
Ihmaik 76 
Cell 4—t» 
cytoplaim 4 
ü, vE^st rk tini 4 
Inclusion^ 
membrane 4 
nucléus 4.0 
oi incites 4 
vital Ibnubnsb 
hv p/.sospcqyir ail ly/jn 
Ccnlriulrs 4 
Centrosome 4 

Oinndiouanium 2H2 

Chondrocyte* 17 

{ lin^M lSjsimt Iinc222, 774 

{borda lympanl 300, 147 
Chromosomes 0 
Chromai in a 
Cl.mi k- HZ 144 
ossification 1(2 
Lleitlocranial dystistmit 11 ? 
LIÉ loris 406 
Clivus 296 
CluWbcl 230 
Ctctyx Kj, 4 S 
development 52 

vurralt/alion 56 

Conclw, rusai 282, 308 

£ * HiiokMViy ISO 

Conjugale 
aïkiEoiEiËt al 190 

diagonal 160 
exlenul 190 
methan 16Û 
shainbl l c W 
truc 190 

Connective i issue 10 
etnbiyoïiic 10 
interstitiel 10 
latndLiv 414 
tcMeukn 10 
rijçHl 10 


Cüid 

latéral 170,172 
nitrial 170.372 
üblkjnt' 122 
postet ior 370 

spemulk 96. 40Ü, 402. 414 
iiracli.il 92 
Coipora adiposa 12 
Coxa 
valga 106 
vara tOO 
Cranta m 78? 

.vnrflLsoSkult 
CristaganiZSG 
Cubcid 21 B. 220.226 
tuneildnii LwneS 2 ta. 220.222,226 
Cÿtoplasm 4 
tyLC&kelflon 4 


nesïtinriariium 282 
Omphugm 94.102-104 
hi'ILUilS 104 
pclvir 106.406 
un^mit.il UHi 
l)ianlimM'% 24 
Di^is 
Otto* 220 
oHumls 128 
Di récitons 
m Spire 2 
ni' muvemtm 7 
Disi<s) 

artkotar26, 112,172.316 
epiphyvial 16,22 
urtn vcilcbral 54 
Distante 
inUitristal 180 
imeispinoos 160.194 
intatrortunterit 190 
Onia maiei 60, 2Hf> 


Fjsellïeigs phénol ut-non 158 
FJhow 120 122 
muscles l?fl 
i ugii i fts i if HiK 
animer cubital 368 
pCMétxn t ubii.ll 368 
Ekxtrontyqgraphy 32 
P.vunhrüsis 28 
Endocraniuiii 286 
l.ndoptasmir retirtjtum4 
I nclût lu i i i,iii K 
Eptphysis 1b 
iing 42 

t pistai num 06 
bptiheltum 8 
rilijtrd b, 8 
eülmïiodt 8 
ruboicU 8 


gtandularB 
psmdostTaîifml B 
stnsoryB 
simple 8 
sqtu mous 8 
sjrahfied 8 
supeffiriaï 8 
tr.UiMlkirul E 
Ftltmcikl tx?ne282.296 


Face, lirions of 334-340 
buccal 334 
fftifi/mental 334 
mira orbital 334 
nasal 334 
oui 334 
orbital 334, 338 
pairtéd irtasselenc 334.34iï 
/■ygnmaiic TM 
Facial index 310 
Faix, iiiguifiiat 86. 92 
FasciaEs) 37 

abdominal W2 t 39$. 400 
atnlni ni i lal wall 92 
addutiot Ml 
jiiiebi.il Mi.hl 180. 1H$ 

axMUry 152. ISO 
hi .iclri.il 157, 180, 376, 380 
cervical SM\ 354.358.360 
claviperlotal 152,370 
cremasteric 96,98,400 
cribriform 254 
en mfotfw 414 
t rural 776 
rteepi of Itre les 278 
(k'Itnid 152, 380 
diaphra^nutk 
pelvic 

irtfefinr KMi 
lUjXfICH 106 
uro^eniorJ 
mkitcn 10t> 
sufierkn IDE 
dorsal 

Oftlw 100*278 
of*lie liand wo 
fe mural, superfldal 414 
üluteal254,418 
iliac 254 
iljopsoas Ü2,254 
îala 232, 248,254, 408.4 R 422 
mu lui 78 
chturator406.4ÛU 
oT arm 1 B 0 
offore 276 
ûfhip 254 
O t kn 276 
üf neci 330 
of shoulder région 152 
palnur,dCT?p 1®} 
peclinea! 254 
pKloral 152 
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Fascta(s) (-p) 


fesda(s)32 
périnéal 
ileep 408 

Strpcrfrcial 40f>. 408 
pilarytigohasiJai 348 
psoas 94. 254 
Scarpa's 32 
spcrnwrtir 
extemal 92, 98,40Û 
interna* 92. 98. 402 
subsatorial 242, 248, 250 
superfktal. frf (fie pénis 408 
Ik-urat nhimlui 78 
transveralls 92. 98. 398, 402 
umbi|icaJ92 

l.it pad, inff.'pjU’Ilir 210 
fatiy rissuc 11) 
îlotage 10 
structural 10 
Fémur 192-794 
nssilkaliou 194 
positions frf 19ii 
Fi bats) 

CDÜagni |0 h \2 
elaslit 10 

inlercrufjil 84,96, 400 
retkulat 10 
Fibrocytes lo 
E'itaita 204 
ossilWaEion 204 
Filaments 
■min 4 

intermediaie 4 
Fùsure(s) 

Débita] 
mieiini 306 
supérieur 100, 306 
petro-occipital 294, 296 
pei nosqgamous 234 
pHrcrfymparik 294. 300 
pterygoinuxîllaiy 106 
spltenopcfmsal 294 
sternal 66 

tympanrinnastmd 2HH 
verivhral arches 44 
"Flst denctiers" 164 
Flattant 230 
Flexion 
dot si 134.172 
elhmv |70 
font 222 

bip 200. 244, 246 
krxr 212, 252 
pal mai 134,172 

alar 210 
axillary 
anturior 152 
posterior 152 
eptgasU ic 08 
semihmar 98 

synovial frf ruidcarpat joints 130 
vertébral 5 B, 60 
mfra pdtclldr 210 
Fontanelles) 284 


antmor 284 
masroid 284 
posterior 284 
s phr nnirlai 284 
Font 

arcfi 228, 230 
bernes 216-220 

hwu<; 27h 
joints 222-224 
ligaments 226 
rnowments 222 
musdrs 268-274 
fegkifis ol 412 
tint sa I 417,438 
fiwl4I2 

pldritar 412 r 440-442 
lefldnn ^healhs 27H 
types o# 210 
Founienfina) 
caecum 296 
carntkor Jinnif! 298 
tihmmdaf 
a ntericrr 306 
posierior 3Û6 

infra-orbital 288, 292. 306,136 
inbapii ifrst En 420 
jUfiular294, 296, 300 
laoerum 294,296 
magnum 2**4, 296, 3DP 
nnaitdiliul.it 302 
mutoid 2K8. 290 
n tentai 29Z 336 
frfrfuralnr 186 
of Vcsalium 298 
ovale 294 . 296.300 
palatine 

grtAier294, 300 
fesser 294, 300 
pai'ietal 286, 290 
mlargcd 290 
roturdum 296.3O0L 306 
sacral 46 
sciatic 

gteater ÏÜ8,420 
fesser m 

sphenopalarinc 306. 308 
spinosum 294.296,300 
sty^m.istüid 294. 300 
supra-orbital 292 
suprapiïilorm 420 
transw rsarium 36,38 
venosum 298 
vertébral 16-42,46 
/ygomatira-or total 306 
zygatnaiictrfactal 288. 292 
ftresafe} 
acetabular 186 
axtllaty 368 
cranjaJ 
anterinr 296 
middk-296 
posierior 2% 

Cuirai 368, 382-184 
diga strie 302 
hypophysîal 296 


iliac 166 
incisive 294 
«nfractwinilar 368 
inlra temporal 342 
inguinal 
latéral 98,402 
médial 96,402 
intmondylar 192 
tschfeneaal(ischiojnjl; 106. 

406,4oa 
jugular 294 
mandilu i]ji 294 
pnplileaJ 412, 410 
pterygoid 294 
ptcrygopalahne 308 
rettranandihutar 1Ï4 + Î52 
w .ipOnjd 294 
sutorf^gual 302 
suhmandibuLir 307 
suprariavfeuUr 
grc Jlcr 314 
fesser 134 
lupi-istcmal 314 
supravrsical 96,1 OC, 402 
ir or hantent 192 
IfjviM, radial 368, 392 
Frontal bnnc 28Z 2H6. 288. 292, 
296 


Ganglion 
cnvical 
mtei M.n 364 
tniddfe 364. 166 
supetinr 148, 36Z H>4 
tilùi y 344 
Stela» 164.386 
sutanandibular 350 
Gtffll 

rectum 214 
valgum 2)4 
varuzin 214 
CmglÿiTtis 28,224 
Lilabeila 29Z1I0 
GKandts) 

apocnne8 
buiboumbxal 410 
tienne 8 
endocrine 8 
exocrine 8 
holocrinc 8 
la« limai 144 
niJi invu y 396 
areola 396 

parathyroid. supetior 348 
pdroliil 140. 346 
prrfiate4IO 
séminal 40? 
sfdimandibular 350 
îhyrokl 148,354.356 
QyiDcatyx 4 
Cnathirir 310 
Gclgi apparatus 4 




Lamellae (-c) 


Gomphosis 22 
Gonton 3K> 

Cuyons box 180, 388 


] famatc 124,126. 132 
Hacid 
bores 128 
lasc ta 180 
joints 134 
muscles 174-178 
régions of 168 
dprsum 368. 392 
palm 368, 388-390 
H aversion System 14 
I lc\if I 

muscles 318-324, 328 
légions of 334-340 
frontal 334 
inlralernprwal 334 
ixc Épilai 334 
pariétal 334 
temporal 334 
see (ilso Fjcc 
l lernta 1X4 
arcjuiml IÜ0 
ttnigpnttal 100 
0iiiplmignt4lH 104 
Msv 104 
Uue 104 
epigiasirii 

femoral 96. iqo 
hiatus 104 
Inc islorvü 06 
iiiKuin.il 100 
100 

indirect !)6. 100 
mterwrtcfraJ disk 54,58 
lumlw 100 
nbturator 188 
para csnphageal 104 
péri real 106 
KMlk 18É 
SLipiJvrsk-tî 100 
umhiltf.il 96 
1 liai us 

.Klriuctnr >42, 42(4 
anrlic 102 

liasilic 180, 376, 382 
csophageai 102. 104 
iluxLU,il y 308 
slitij 1 , urdiaphiagm 102 
urogénital 100 
1 lip bone 186 
ossification 186 
llïp joint 198-200 
Lise, tas 254 
liganrwnts 108 200 
movemenls 20CL 244-246 
muscles 212-238, 244 246 
reginits of 412 
gluteal 412,418-410 
subtuguinal 412,414 


Humérus IM. 156 
epis.tjnc3.vlki s 164 
fractures L48 
ns si lis. a lien 114 
MvdccHrephalus 310 
Hyoid hone 282,304. 316 
ossification 304 
Hypodinndrtum 304 


Un un 186 

Infuivdihuluiti. elhmaidal 308 
Ininn 310 

Inter cellular substance tO. 12 
Ischium 188 


Jniiilfs} 22-28 

ait j u El w k'I J vk l iL) i 112 
anklc 222 

movements 224.266 
allanto-axial 60 
aitamn-nrctpiial 60 
Ijall-and-sockét 28 
takaneuuiboid 222,224 
capsulé 24 
carpometacarpal 134 
rhumh 134 
c an i lagi no lis 22 
cavity 26 
< nm pensa trou 714 
compte* 28 
cnntinunus 22 

i c 11 'I l'.IflSVt' EM' 68 

tnvifjvt't cetical 68 
c unem ubnkl 222, 224 
cuneonavicular 222.224 
digital 
Idï*224 
hand 134 

discontinuons 24-2(3 
etlx>w 120-122 
musclés. 170 
ellipsoidal 28 
te rrwj t upjtellai 206 
fibious 22 
fixée! 28 
lotit 222-224 
hand 114 
hmge 28 
bip 198-200 
ligaments 198-200 
movcrnetifs 200,244 246 
muscles 232-238. 244 246 
huir.cn n ad ia| |2G. 122 
hutneioulnar 120.122 
intercarpal 130 
inteichondral 68 
ir.teicuneifoim 222 
mtermetacarpal 134 
ir.tei tnc'taiarsjJ 222. 224 


interphalangeal 
of foot 222.224 
nfhand 134 
■iiteitarsal 224 
knee 206-212 
ligaments 206 208 
kiwer limb jJignmcni and 214 
menisci 208 , 210 
movernents 212,252 
muscles 252 
lumbnsacral 58 
menaçaipophUBqpGa] 134, \74 
melataisoplialangéal 222,224 
mick.it pal 130-134 
movenienls 132-134 
pisilnrm 130 
plane 28 
radin- ulnar 
distal 122 
proximal 120,122 
r.idinta ip.il (wrisr) 130-134 
riinveiinits 132 134 
range of mnvemertf 24 
tac r JCoctyge.il 58 
sac rmli.K 1SJS 
saddlc >8. 114 
SlftJtlIdt'l 116 
dislocation 116 

mnvemcniî lt(i 138.148-150 
simple 28 
spftcmdal 28 
siemnclavitular 112 
tffmncustaJ 68 
sdCate 222,224 
movernents 266 
syrmvUI 24, 28 

talreakanronavicular 222,224 
movemenïs 266 
talrx i cuaj 222 
tarsomeiaiarsal 224 
letnpntomaïuJjInjJai 316 
l ihmhlHilar 2M 
trochoMl 28 
UnQOWfObnl 58 
Tygapophyscal 58. (30 


KaryupJasm 4.6 
Knec 206-212 
ligaments 206-208 
luwer limb aUpnmenî 214 
inerjsci 208,210 
movernents 212,252 
muscles 252 
régions of 412 
postmoi 428 
Kyphoses 62 


Lacnmal bores 282 
Lamellaé 14 
connective tissue 414 
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Leg (m) 


l££ 

ïïiusrles 2 e ! 0-264 
régions or 412 
anterior 412.432 
posterior 412*434 
retrotnalleofai 
latéral 412 
mi-fil j [412.43C 
Ligaments} 26 

acctabiiiar. trans verse 18 H. T9H 
acromiodavkulai 112 
alar fît! 

annulai, ol the radius 120. 122 
dixcoCcygeal lu». 40». 410 
apiral, rïdens Ml 
aJtlkrte 
IaUijI 04, 102 
ilirdiaE 04, 102 
médian 94. 102 
bifinx^K 222^224 ,226 
Gurn's 254 
taira neocubdd 
dorsal 224* 226 
planter 222.224.22». 22» 
taira nn id h liai 222 
calcarienii.ivitular 222; 22» 
planta r 224,22». 22» 
eaipal, radiale 110 
tarpuniriaivipaL ll(> 
dors.il 130 
pjJniar no 
ittJI.iiH.il 134 
lÜHiJutr 20» 

Lun.il 222 
radial no. nu 

tibial 20» 
ni ri j i 120,130 
cunnid 112 

cttracttâcramld no. 112 , (40 
cora«iclavjcul*r 112 
contttlmmeral 11» 
ccKtodavicular H2 
cttstctrarisverse 68 
latéral 5(3, 68 
superior 5». »» 
crktïthyroïd, médian '104,350 
crucial? 

antriiDr 20». 210 
ttf ai las »0 
poslerinr 20». 210 
c u! m i itkïrt mv in i l.ir 
dorsal 224,22» 
planta r 224.22» 
runeocuboid 
doi vil 22» 
inlensseotis 226 
pl an [ ar 22» 

runeometatarsaJ, intemsseous 

22 » 

tuncünavucular 
fkfrsat 226 
pEdntdr 22» 
dcltoid 222. 226 
lldvd 22, 5». 60 
fijndîfcrm 


ofttie clitoris 92 
of the pénis 92 
glenohumeul 11» 

Hcy's 254 
hynmafidilHiUr 316 
ilkifcmural 10». 200 

ilittiiLnihai 188 

inguinal 84.188,234.402 
relire led 9t. 38.4t*j. 402 
inlerraipaf 130 
dorsal 130 
interosseous 130 
paluiar HO 
iniertlaviculdr 112 
inlemjneilttFTrt 
fkjrsal 22» 
ifilËn>Mwus 22» 
pE.inl.1ir 226 

i ri ic l ( ivrular 92.9». 402 
inierspinnus 5» 
intertransvenst 5G 
mira articulai 
nf htv»d of rib 6» 
sic rnnrpst.il 68 
ivhioTeiEHir.il I3H, 2*Hi 
larunai tO». 188 
latéral 3)0 
lcrngituttlri.il 
■Hiterinr 56 
pGSttrioi 5» 
JumluxosiaHi» 
rnemuok-nHHdl 
amerior 20» 
poster iur 208 
metau ip.il 130 
fini vil no 

iuEirossemLS 130 

palmar no 
fransversc 
drttp 178 
superTidat 180 
ineial ai val 
dorsal 224 
initTdSK^us 
dorsal 226 

plantar 226 

plantai 224 
nichai 54,60.78 

oThead dT fémur Efîü, 200 
primai 134 
palpébral 338 
pateUar 206*210,248 
pecrineal(fooper , S) 100 
pelvic m» 

péril K'al. uanswersr 106 
pisohamaie 126.130 
pisnmriararpal 130 
plantai 

long222.224. 226.228 
short 228 
popliteal 
accLJdi e 20» 

oblique 20» 

pubic 

inferioi 188 


suptiioi 1ÉS 
pu bofn lierai 138.200 
quadraîe 120 
radiale 

of liead of rib 56.68 
slernotoslal SK 

radftKatpal 
dorsal 13(1 
palnui 130 
round 

dI tlie liver 338 
nti lu- utérus 36.400 
sarrotliac 188 
vh rL'SpilKUJS 10». 188. 410 
sarnoï u hcrum 106.18H, 420 
stapuUt, nansveTSe 
inft.'iH-E 110 
siipcfkx 110. 112 

sphciittnïjnOibiilaî 316. 342 
sp™ig224,226 
stejnraLtvkular 
Anîermr 112 
pnsteiinr 112 
Vtyk^lÿüld 350 
^lytomanrlihnlai 3 |q 
stiprdSptncMis 5b 
suspense*? 
of thr c lÉQflis 32 
nftlip pénis HW 
tatocakancdl 
inret Eisscutn 224,22» 
lailiai 22» 
médial 22» 
pester mi 22» 
lalalibutar 
anterk# 222, 22» 

posterior 222 , 226 
ta lutiav k uLi i 224, 22» 
ijcsnmctatajval 
dorsal 224,226 
plantai 22» 
tibùbubr 
anlmui 2 K 222.22» 
pestenor 214,222. 226 
Irdttswise 
of arias 60 
cl kntv Ai» 
tiape/uid 112 
uluttcarp.il, |3almaj 130 
/nruioibkularis 198, 2€ü 
üde 

araiate 88.338 
ChnpartS joint 222. 224 
intercondyLn 192 
intomof haniFric 192. 198 
lislranc's jcunt 222 
myltthyocd 302 
indu] 
liighr st 230 
inferior 290 
supefioi 290 
petlinraJ 192 
REisti-Nclaîon 196 
vnuJLjnar B6 
supiafoodylar 192 



Mu$de(s) (-h) 


temporal 
mfenor286. 288 
superior 286. 2 RK 
Lmea 

alba84,88,9fc 3S8 
aspira 1f32 

Lisfrjnc's joint line 222 
Lordoses b2 
[ uwec liinb 
régions 412 

luiwhone 124,126. 132 
Lyinph node(&) 
asdltary 3*H> 
fervkill 360 

MEpfi [Rid! 35H 
cubital 376, 382 
inguinal 

dirp (( loqueCs) 416, 422 
superfidaJ 400, 4M. 422 
nuslbid MG 
occipital MO 
FMI nlid, Viipcrlkial 34ii 
vuhiniiiial 150 
lymph supérficta] 
latéral 375 
médial 37t> 

Lysosomes 4 


Muidiblc 252, 202, 102-104 

osstflattan ftw 

vlvipi ciJ 3(14 
Manille) 282,2BS, 202 
Meaftisfi) 

ÛtüllStk 

mtrn.il 204 
intoin-al 296, i00 
naval 308 

Mednlla obkmgata 3oo 
Meiosfi 6 
Membrane 
allanln oicipilat 
antfriqrSO 
puvtti i(n 60 

basal S 

filïfms’24,210 

intercostal 

eXtÉf fui ffi 
imcnwtl 82 

iriterosseous 22,122, 158,204 
iA thel*fi214, 260,262 
nbutraioc IR8 
ptrine.il IÛG. 408 
plasma 4 
synovial 24 210 
lecici ial 60 

vasto-adduaoi 242.248,250. 
254.424 
Meniscu^i) 
l 1 L tic:u I l 1 lc 20 
latéral 208 

niLdijL 208 

Mesotendon 32 


Mésothélium K 
Metxarpus 128 
musdes 174 
ossification 128 
MeLatarvus 220, 226 
Microcephalus 3T0 
Mioolubuies A 
Mrc ra- il li 4 
MitodiDndrô4 
MftoïteO 
Muscle* 5 } 18 

abducîor 

digiri mini mi Ï74, T7B. 270,272 
ballucis 270 
poil Nis 

btrvis 160, 152,174,176 
toigus 132. 134. 155.154. 
166. 168 
addurîur 

bfevis232.240.24K 
hallüt:is 270, 272 
toigU5 232, 234.240, 242.24 K, 
250, 424 

magnuv 212.240. 242,2501 
418,424,425 

nu ni ni us 232, 234. 240. 242 
polHcis 176.180 
anal sphincter 410 
ninconeus 136,156.166 
anragnnists 30 
bfafftt 

UtM tel I 16, 140.142,154 156, 
Il41. 384 

femons 232.250.252.4IB 
hiprmuü U) 

bi.uhialis 136,154. 156.1H4 
brachtnradiahs 156,160.162. 

164. 384 

h ntt malin 322. 352 
hnllKWpungiusus 406,408 
caidur 18 
cUwita.idur: 30 
cJeidûliynid 140 

106.408.410 
compte* 66 

raracobnchùlis 136,142,154. 
156 

coiüigtfof supeicifit 320 
crenwivter 86,06,96.400 
crkûîhymid 354 
deltoid B6, 138,142.156 
depuessoi 
anguli oi is 322 
Labii infcikiris 322 
digash ir 30 
eperanius il S 
efenoc spmar 72 
exte-nvot 
caipc 
radia lis 

brevts 158. 164. 166 
longus 132. L5R. 164. 166 
clnaris 132, 158, 162. 164. 
166, 158 


digib tniitifTii 132, 158.154. 

166.168 

digit132.158.164. Isa 
168 

bwvis 268 

longus 256.258 268 278. 
432, 438 
hall uc is 

accessonus 258 
bicvis268 

lopgus 256,25B. 268.278, 
432, 438 

induis 158. 9,66. 168 
poflkis 

bievis 158. 164, 965.168 
kîRgyj; 132, 158, 164.166, 

168 

iHinat idum 180,182.192 
iltftficf 268, 276, 278 
superior 268,275* 278 
extrmstc. of the fout 228 
lïbiilans 
bitvfe 432 
longus 432 
ir mus 432 
Haï 30 
flmor 
car pt 

radiait* 112* 158,160.162. 
174, 388 

ulfttrfa 112, MO. 174,188 
drgiii m ini m i 272 
Iwvis 178, 2W 
dtgjioruin 
Net iv 270.274 
kmgus 256*262, 264.436 
piofundus 158. 160,162. 188 
supcrfKtalis 158.160.162, 
188 
liai Mds 

Itfcviv 270 

[ortgus 256,262* 264. 43b 
pojlkis 

bnevis 160,162,174.176 
taRgus 112,158, J60.162. 
188 

nsirunUum too, ifi2* m* ibû, 
182, 27k, 188.416 
funtlHinal évaluation 12 
fusifurni 30 

gaM r vncmius 206* 252. 256, 
260.262, 264, 430 
UefneUus 232. 21K 
inferior 218.420 
superioi 23& 470 
gentobyoïd 150 
glutens 

maximus 232. 23b. 246.418 
médius 212,2Î6 
ininimLis 232, 236 
gracilis 232,240, 242. 248, 254. 
256 

Horners 320 
hyoglDSsus 350 
hypothenai 178 


457 



458 Musde(s) (-i} 


Musdefs) 
iliarus 94,232,234 
Uiococtygeal 1Û6,410 
ilNxostalis 72 

ilidpStaiS 90, 04,100.212. 234. 

240, 246, 248 
jr.h'jtivuic! 126 

infraspinatus 136.136,144 r (56, 
lfK> 

intercarrilaginous 82 
intercostal Xi. 82 
ck t t'nml 62 
internai 62 
intimïfl? 
irlerfoveolarOfi 
intemiséf 
dorsal 

nt'fnfX 268,274 
otliand 174. 160 
palntai 174 180 

plantarXGB, 274,442 

inter spinales 74 
inter transvmarii 74 
antcrjnr rervtcis 78 
latéral Uitr^jfiiLim 78 
inrdfAl liimhm um 74 
posterioriervins 74 
jnii'irisk-H oflhe tocrl 228 
ischiûcjvernoajs 406,406 410 
lalissimus dnrs* HO, 140, 154, 

m 

levait ir 

ifl£UJi cutis 322 
ani 106.406.410 
labii superiorls 122 
.il Arque nasi 320 
palpHiae superJoris 318,144 
scapiilM 136 136144,360, 
366 

k'vatores cnsiarum 78 
ît mjtLV. imu s 72 
locigus 
capilïs HO 
colli HO 
lirnihriràlfs 
or font 2?0,ï?4 
nThand 160.162,174 
inavsriet 324 136, 340,150. 352 
ma si ica tory 124 
mcnialis 322 
mimetic 31H-322 
[LiultiïkliLS 74 
multtgaslrir 30 
niultipctifiaie 10 
mylohyoid 350 
n.isatis 320 
oblique 
abdominal 

external 84,68,90.94,140. 

144, 398.400 
internai 86^90,98.400 
ofthoeye 
iiitetmr 136 
superior 338. 344 
obliqugs. capitis 


înferîor76,146 
superinr 76. 346 
ototisatar 

EKÎernus 232.236. 240 
intr-i nus 232, 236,238,410 
ocâpitoFronialis 118 
of elOow joint T70 
of faut 268 274 
oT (otearm 158-170 
funclion 170 
ofhand 174-178 
head 118-324,126 
of htp 232-238.244 246 
of knee 252 
Of k* 256-264 
Uf n£d( 326 

of shouldci jùidk- 06-150 

oflhigh2î2 1 240-250 

of upper arm 154-156 

nf vvriM joint 172 

oinohyoid 136,146. 326154,160 

opponens 

diyiu mimmi I7lî.27t.i.272 
poiids 176 
nrhirutans 
mi 320 
o* is 122 
pat nu ris 

Orrvis Î60,17H. Iflfl 
lOilfUS 158, ISO, 162.188 
pairfl.ir, icXinaiuLum 
lateml 206,248 
médiat 200,248 

pn linrui 94,100,212, 234. 240. 

248 
pwtoralis 
major J 36.142 
miner 136, 142, 154, IX) 
pcrfnrated 160 
perforai tqi; 162 
périnéal, transvçrv? 
deep 106, 4tü 
supci'fie i.il 106.408 
purwaJ urtinacuium 
inferior 276.27fl 
üupmor 276,278 

perofimîS 

tu wis 224. 256,260.432 
Inclus 224.256. 260 . 278. 432 
quartus 260 
ledins 258, 268, 278 
pes anst-riiius 
proflmdus 250 
su per brûlis 240, 24K. 25U 
pirifofmis 232,236,23Ë 
pJantar 228,434 
ptantarïs 2 56. 262, 264 
pUtysma 322. 354 
poplité lis 212, 256. 2M. 414 
procerus 320 
prôna tur 

quidratus 158,160.162 
teies ISA. 160,162.384 
psoas 

major 94.102. 232.234 


miner 94.212.234 
pterygoid 
latéral 324. 342 
médial 324.142 
pübototçygeal 1U6, 410 
pufoperîneaks 106,410 
pubor eda] is 106.410 
pyramkiaJis-SE. 198 
quadralus 

femoris 232,216 r 238,240,248 
lumborum 94,102 
plant Je 270, 272,274 
quadrfcïps, fomons 212, 252 
reclus 

abdominis 88 r 90,198 
diasiasisSB.mSG 
rapftjs 
anterjor 80 
latera lis 79 

postera* major 76. 346 
pnstcfinr minnr 76,146 
femom232.24a 
latéral 344 
médial 144 
supe rior 144 
rlinmlxïid 

trujtK 116.144,1% 
niinrn 116.144 
risorius 322 
rrdairires 74 

sUloriliS 212.240,242.248,256 
u aletius 70.80 
anime* 80. 360 
médius mm 366 
mtnimus 80 
pesteriorm 160,166 
semi mrmhi annsus 2 32.250.2 56. 
418 

sein ispmali s 74 
semifendinosus 232,24n, 25Û, 
256.418 
vi rât us 

amener 136,144 148 
pnsteimT inferk* 78 
posterior si^jenor 78 
smuoth 18 

sdmi 256, 260,262,264 
spluncter ani extfrnus 106 
spinales 74 
splentus 

capitis 72 
cervifis 72.360 
StemudéiiînniaslGàd 136, 14b, 
32a 146,35a 358 
stecTTOltyOïd 32t. 354 
stemm hyroid 32a 154 
slfiated L8 

subdavius 112.136,144.14fi 
sutrostaJ 82 

suhscapularis llfi. 140.144,154 
supmatnr 15a vbfl 
supraspinatus 136.13&. 144 
synerpas 30 
tarsal 338 
tempoialis 324 



Nervefs) (-r) ^3 459 

Tcnipoiupruielalis US 

rardiar 364 

ilio-inguinal 400.402,404,414. 

fensnr fasdae latae 232. 2M. 248 

inferiot 366 

422 

ttrci 

supérieur 166 

ilKihypo^trk 39®,400.402. 

major 136, 136*40,144, 396 

tarot id 

404,418 

miiini 136 138,144.196 

extcmal 348 

infra orbital 136,318 

îficrw 176 

internai 348 

infrairarhlear 338.144 

thyrohyoid 326, 354 

cervical, iransverse 15S 

intercostal 396,398 

tibial is 

ciliary 

inierccïbi '^Jiathial 372, 376. 396 

antttioi 224 256.258,268, 

kmg 344 

inbroseous 

27M32, 418 

short 344 

antenor 386 

piüterior 224.256. 262. 264. 

cireumdex 136, 374 

posïerinf 186 

416 

cluneal 

jugulât 148 

transversus 

in|tfk*408. 418.420 

larnmal 100, 336,338,344 

alxtaininis 66.90, 9S, 402 

middle 418 

laryngeal 

meuli 122 

supcrioi 418 

récurrent 354, 356, 364 

ptliliei Mjj^rFH'ialis 406 

cutaneous 

variable position 356 

thoracis 82 

antebiathial 

stiperior 348, 354,362 

liapc/ins 136,118.14». 146,146. 

latéral 382, 386 

lingual 350 

156,328,146,358. 

médial 136,372,176. 378, 

lumbar 404 

366,396 

382.186 

m.inriihulaj 3110,336.342 

triceps 

.intérim 422 

mcningeal branch 300 

bratfiii 116. lia 140.154.156. 

brachial 

masseferic 142 

196 

latéral, supmnr 374 

maxillary 300,136 

Liscjf 218 

médial 37X376 

médian 116*158, 372,378, 384* 

£10x256.362.434 

dorsal 

386, 388, 390 

unipcnnair 36 

inlermedialc 438 

museular hranch 158 

vastus 

latéral 434.418 

menlal 336 

Intermcdiu* 212,248 

incdial418 

imjsttikKUi aneous J 36.172 

blêmi is 212,248 

fctnonl 

myiohyind 142.150 

mriliaüs 232, 248.250,424 

tairai 100,404,422 

nasal, rater na) 316 

zygomjtkui 

posrcfior 418,420, 426.428 

iiawxdury 300,344 

mApfit 322 

ofibearm 

njsopaJatiiw 300 

mincir 122 

ii’feikir Lit ci .il 380 

nbc uraroi 404,424 

Mvoritnïls 18 

media l 380 

occipital 346 


pturtertor 380 

gr edicr 346 


SLipeiirn latéral 380 

lesser 146,358 


suial 

oculomotor 100* 344 


latéral 256 

of rhe c Jr nud sinus 162 

MavaI bores 282 .292 

media 1428. 430.434 

dlactory 100 

N.iskm 310 

digilaï 

ophthaJmie 116 

NjuvkUbf 22(1, 226. 281 

palmar 

optk 30U, 144 

Neck 

commor 390 

pabtinp 

radias 130 

pruper 388 

greaier 100 

muscles 326 

plantai 

lesser 300 

régions of 334 

tominon 440.442 

pectoral 17U 

lai ci. il 334 

piopei 440, 442 

périnéal 406 

mtddle 334,354 

ethmojd.it 

penmul 

Occipital 346 

arttciior 344 

commun 256426.410,414 

postertar iw,346 

poste rinr 144 

deep 256,432.438 

stemm rleitfomastpîd 134.364 

Facial 300,34IX 142.148. 350. 

supetficiai256,432 

venu daterai 358-364 

152 

petrnsal 

MCis^s) 

fémoral 100.232.4Ü4.416 424 

gréai er lût) 

iibduLcni 100. 344 

bbuiai 

lesser 300 

accessory 300.348.138.362 

commun 430. 414 

phremc 160,164, 366 

spinal port 3UO 

deep 412,438 

plantar 

alvcoiax 

superER iat 432 

latéral 416 442 

infï Fior 342 

frontal 300,144 

médial 416 

lingual 342 

genilofemoraJ: 400,404,414.422 

pudendaJ 406.408. 410.420 

auricular 

glossppharyngeal 3ÛÛ, 348, 350 

radial 136,172,374* 378,380. 

gréai 140,146.152.358 

gjuteaî 

184 

POSE crier 152 

inferior 420 

deep branch 158* 384.386 

ju [ ia il tJici] :pi jra] 336,340. 342, 

superim 420 

superiRial branch 158.184. 

352 

hypoglossal 300,148. 350,362, 

186 392 

axiîlâry 116.1T2, 374 

364 

leclaL infericr 406.408 

buccal 342,152 





Nerve(s) <-s) 


Merue(s) 

saphenous 232,256, 424. 428, 
432,434,436,438 
scapular. t1ür%j3 360 
sridUr232, 418.420.426 
subcostal 404 
suhümpiîiil 34S 
substapulai 372 
supra-orbital 336,338,344 
supradavjrular 358,396 
SLiprdîit'.'piilji 360. 370 
SUpratrocMear 336, 338, 344 
sural 256,434 
temporal, deep 342 
IIk.mtjlïi, long 360, 372 
Ehnrarndnrsal 372 
tibial 256.426,4313,434,4313 

I Mgr uni mal 336 

pressure points 336 
trothlear 300, 344 
ulnar 136.158, 372, 378, 384. 

386.388,390,392 
vagUS 300, 348, 362, 364, 366 
wsttbulooüchleAr 300 
*ygnmarir 136 
Ncuixxramum 282. 284.288 
lengllt - breadth index 310 
lengtîi - iK'ight index 310 
NeorovüSt'tilar hundlc 
mîdrtle 386 
i,h8,lI 386 

II In.it 380 
Nudear envelope 4 
rvufkxilus 4, 6 
Nucléus 4. b 
Nucléus pulposus 54 

licmi.ittoii 54,08 


Occipital h«ne 282, 286 . 2ÎK>, 294, 

296 

Qpening 
caval 102 
nasal 308 

saphenous 254. 416. 422 
scalenc 8(3 
dpisthucraninn 310 
Orbit 306, 344 
Üi 

centrale 124 
iribasilam 296 
trigonum 216 
Ossifiés, auditni y 282 
Ossification 
t ajpal Ixjiit's 126 
davide 112 
erKlodiundrai 16 
fémur 194 
lïbnfa 204 
hip bout' 186 

humérus 114 
hyûÊd boni? 304 
intramembra nous 16 


mandibte 3Û4 
metararpais 128 
metalarsalt 220 
paiella 194 
peikhcndral 16 
phalanges 128 
radius 118 
ritos 64 
scapula 110 
skull 282-284 
sternum 66 
tarsal bones 216-218 
tibia 202 
dna11£ 
vcrtcbcae 52 
OslcoL]ylcs 14,16 
Osletigefipsis 16 
càrtilaginea 16 
mrmbrafiacu.i 16 
Osteon 14 
OKVtepb.il lis 310 


Palatine Imfir 282, 294 
ttMïelaî bones 282.28b, 288.290. 

292.296 

rartella 20,32,iî»4, 206 
ossil'icaliun 194 
variants 194 
Ifelvk floor 106 
IVlvis U6-190 
diameters 190 
dijtienslofls Î9Û 
joints 188 
ligaments 188 
S( ! k différences 190 
Pericrattium 286 
PçiHiMium 20 
pierofie.il, sec ftbular 
Pts 

cafcàflfeus 210 

ca vus 230 
equtnovarus 230 
ttjuznu* 230 
piaiioValgus 230 
pL.miLS 230 
reclus 230 
valgus 230 
varus 230 
Pet rous bore 282 
Phalarx 
of Tuot 220. 226 
distal 220 
middte 220 
proximal 220 
of hanil 128 
distal 128 
middle 128 
ossification 128 
proximal 126 
Ptsifornn hene 124, 126 
secondai >■ 124 
IHagiotephalus 312 


Plane 

front a I (corunal) 2 
interspinous 394 
médian 2 

sagittal [ paramedian) 2 
scapular 110 
transpÿkînr 394 
naiBvnse 2 

llasmalemma 4 
Reims 

,1 reolar venons 396 
brachial 360, 366, 372 
carotid 

internet venons 300 
svitipat hetù 300 
cei vicaj 358 
U 11 nh .11 404 
pain pi iiifor m 4.12 
parotid 340,352 
pterygrud 342 
sacial 404 

uiipairrd ihÿrutd 354.3S6 
ftjstcnor dravvrr sign 73 2 
fYrxcssus vagi mal iv 100 
1\ tvn.il mil 224,266 
Prostate 410 
Pubis 1H6 


Radius 118 158. 160, 162. 164, 166, 
168 

ossilttatinn 118 

Hcoessfcs) 

1 r^todiaplvjgiitnUH 104 
\pfn , ni)-t , thiiinMljl 308 
Hef lus diaM hIm % 88.90,96 
Régions 

Headand NNk334ff 
iipptT lirnh 368 0 
trunk 194 ff 
kiwei Imih 417H 
Kei inversion 
hip 200 

shoulder 148, 150 
RiUjsemcs 4 
Rit<s)64 
t eiviral 36 
Taise 64 
final ing 64 
forRed 64 
joints 68 
h mi haï 42 
0«dkdtk»it 64 
trw64 
King, ing ui nal 
deep96,98,402 
Superfitial 84.96.400 
RostT-Néiaron J me 196 


Sac. laçn iTia | 338 
Sactum 36.46-48,238 



Triangle (-f) 


461 


development 51 
sexdiflèrertnés 48 
Variants 50 
Scapliuceptulus MO 
ScaphoW boni? \7A r î26, 132, 04 
Stipula ttü, 144 
ligaments HO 
ossification MO 
vtapboid 11(1 
wiugcd 144 
Sears, abdominal 96 
SchmoiTs ondule 54 
Sedlosis 62 
Sella turtica 296 
Si." fit l I itt{ il ) 
fémoral 100 
interalveolar 302 
inlermuHriiMr 232 
.mhT04m rfi.il 242, 248. 25t>, 
424 

latéral 254 
OKNli.il 254 
(tf ibe leg 276 
inkii'.Klkular 302 
nasal 308 

biHiy 308 

cartilagincui 308 
oibit.il 338 
plantai 271) 

SbMthfs) 
carobd 330 
It*lus M, 86. KH. 108 
tendon 32 
of fbot 278 
of uppcr limb 182 
SJiculder glrdh im-112 
fascia 152 
joints of 112 
muscles lîo-isfl 
Slfouldcr jotni lift 
dtsIur.Miuftv MO 
movements J16, l ie, 148-150 
relions aroiind 368 
AkiUary 368. T72 
deltdd 308 
M’.ipn tar 368 

Smusfes) 
t ami jd m, m 
frontal m, 308 
iilAKiN.iry ’UlO, 308 
paianâsal 300 
petrosal, infeiior 300 
lai vil 2 10 
Skull 282-300 
acmsory bonev 314 
h,iseuf294-29E 
opcninfis 300 
variants 298 
crossed 312 
mAlfomi.il ions 310 
ossification 282- 2K4 
sliapos 3W 112 
subdivision of 282 
sutures 22 
syrchondnises 284 


Spacefs) 
axrttary 152.374 
la total (Qtiadiangular) 152, 374 
médial (triangiiar) 152.374 
interfascial 354 
sirpiasïornat 130 
latéral phaiy figeai 348 
letEopliâryftpcal 348 
Sphcnnid boni? 282, 288, 294, 295 
Spin.i btfida 50 
Spondylobsttiesis 44 
SpDnd^olysis44 
Sternum 66 
Insuie 6(S 
nssÈncaiiçin 50 
puncture (>0 
vex diflèmflccs 6b 
Styloid boni 1 124 
Stylopharyngeus 348 
Sukus. t.irutui 296 
Supination 224,266 
SutLne{s) 

comnai 288, 288, 292 
cruci fnrm 112 
fi inil.it 112 

ftoiitoniaKitlai'v 288, 292 
Imntnnasal 292 
fmnUtfygony.lic 288,292 
incisive 2*J4 
in terni.™ il Lu y 292 
inlernasaJ 292 
latltbdüitl 786, 288.290 
ttmbosa 312 
molopit 112 
nasomaxillary 288,202 
dt< ipll,lt. [MriVVfTVT 314 
OfnpitlQflUStlÉt 288,290, 2<*4 

palatine 
médian 294 
rramvwsr 294 
pamial, Imn/rmial 112 
park-loniastuid 288 

po1n)SQij.jini«Ls 288 

plaire 22, 312 
sagittal 286,290 
serran? 22, 312 
skull 22. 284, 288. 312 
sphcnu-etlmundaf 296 
vptnNiormnt.it 288 
sphci inp.'.i 1 elal 288 
sptienovqr Limons 288, 295 
sejuamous 22.288.312 
itmipcrD^ygornatifr 28Ë 
cyyoi 1 i,i 1 icomaxilIai y 288.292 
Symphyviv 22 
ml ti vertébral 54 
pubit 22.188 
Synantti ruses 22 
Sy ne hoftd ros, isfes) 22 
ci a niai 284 
inteisplicnàïdal 284 
petto -occipital 284 
sphctio-ethmoidal 284 
splinio-rimpit.il 284 
.sphetio-petrasal 284 


Syndesmosis 22 
rtbfofibular 214 
Syndrome 
anieriex tibial 432 
cervical nb 366 
popfiteal compression 430 
scafcnus anikus 366 
Synostmis 22 
Synovial Ouid 26 
Synovial pocket s 26 


Talus 21& 226 
actessocy 216 
Tanins 216-218 

Tcmpoffll bone 282, 286,288, 294. 

296 

Tendinouv 10 

caltaneal { AtliilJes) 262,434 
Tendinouv vhcaTfis 32.182 
digital 182 
dnrvi 182 
of font 278 
pahnar carpal 182 
Thigh 

muscles 232,240 2*0 
régions of 412 
amener 422-424 
puvtriirN 426 
11 h ri ,kk cage 64-70 
itRivi'iiMrntï 79 
viiuctiirc 70 
I honte; jcgmiis of 194 
Jllti'iioi 19b 
mri.inuimiiL.iiv 194 
tnfïascapuUf 394 
iniemapulai 394 
nianmuuy 394 
pcciniai 194 
latéral 394 
pmtcriof 196 
preslertral 394 
v apula l 394 
suprascaptdar 394 
vertebial 394 
Thumb 
abduitkm 176 
adducricn 17b 
caiponieljcarpal joml 134 
Eiliù 202 
Dsüfïcdiion 202 
î 1 .<c iKNJloniy 35b 
Tract 

i liopuhic 92.98 
iliolibial 254. 422,426 
Trapeziucn i24.126 13a 132 
Irape/oid boOé 124, 126. I3ü. 132 
secondary 124 
I [cndcJcnbuiy tt-M 246 
Hiangb 
carorid 334,362 
deltopei local 368.170 
fémoral 412.424 



Triant] le (-i) 


Triangle 

inguinal (Besselbach's) 98 
lumhar 10Ü 
Itimhornsral K>2, 104 
of thc lingual artery 350 
nmoclavkubir 134,360 
poster jor, oj the fieck 334 
fftromnlar 303 
stalenoveftefra] Ki\, ibb 
sterrincçratat 102, 104 
stihmandiholar 334, ISO 
EtiboccIpitfd 76. 34b 

strptarUvicuUr 

gi eater 314 
lesser 334 

Triquctrum 124.12b, 130,132 
Tmt hginglvniuK 224 
irnsier's si&naï nrxk 306 
Tiunk 

tKdtlikkLphJlk 354, 356 
bronthnrricdUsItnAl. ligbl 3(4) 
rml cervical 366 
jpgulaf 360 
hiinhnsücra! 404 
pcruneotihial, anlerioi 430 
ftegmns 394 ff 
stibciavran, right 3 OU 
symp L itheric 348. 362, 364. 366. 
404 

lltymocrvital 364, 366 
Tutwrde 
adductnr 192 

r. h tir ni 36 

scalcnc 64 


(Jlrui 118, î5H, Itd, 162, 164, Î66, 
168 

ossification 118 
Ucnbiltcus 96 
tfppcr LJml] 

Keginns 368 


Veinai) 

afignlar 336, 336 
antehrachial. crphahc 386 
axitlary 136, 370, 372 
basilic 13b. 158. 376. 378. 38U, 
382 

antehr at hïaJ 382,386 
mcdUn 382 
brachûit 136. 378 
btachiLitephalK 360 
teft 356. 366 
tigbt 364 

cephalic 136,158. 370. 372,376 
382 

accessory 302 
üf [l:tf ihrimb 392 
cervical 

supeificial 358,360 


ira reverse 364 

drcumftex, of tiw scapuia 396 
cundylar. nrjüdiy 300 
cubital 

médian 382, 386 
deep 382 

tulJnct'us. p Uni ai 440 
digital, palmar. ptoper 388 
epigasrrk 

iftfcriur 98, 398, 402 
su perfhcial 398.4ÜCJ. 414.416. 
422 

superlnr 198 

facial 336 338. 340, 350, 352 
common 156,362 
fémoral 160,232,416.422 
glutea] 
intérim 426 
supericr 420 

humerai. circumfleic, posïerior 
374 

iliar, iirt LimOt'K 
deep 404 

supeiïtrûl 398. 400, 414, 410. 
422 

inlercapti ukir 438 
îotcixTfMii, anterkîr 3% 
intefnvseQUV tonimon 156 
Jugulir 
anlcrim 
lefi 354 
rigM 154 

externaî 350. 152, 360, 364 
faraud 300, 348,360. 362. 

H >4 

1. 1 1>yi incline 300 
lumliar 4U4 
maxillary 342.352 
metatarp.il, dutsal 392 
meutaisal. dorsal 438 
nasal, dorsal 336. 338 
nuchal asypss 346 
rjtcjpit.il 346 

opbtlulmir, superiw 30Û,344 

pdra-uinij*rat 398 

perforât iqg 414.418 

périnéal 406 

planta r. lateiat 442 

poplUeat 256, 426,428,430.414 

pndendal 

extemal 414,416.422 
internai 406, 408.410,420 
radial 386 

rectal, mferior 406,406 
rctrumandiOutar 140. 352 
saphenous 
accès so ry 

latéral 414 ,416,422 
médial 416,422 
gréai 212.256. 414,416,422, 
428.412,434, 436,418 
small 256. 428,414 
variations 428 
seapular. rjccumOex 374 
sc rotai, pnsterier 408. 410 


spinal 300 
s ubdavian 360. 361 
supf axcapular 360,364.370 
suprairoctiilear 338 
temporal. superTiciaJ 336. 340, 
352 

leshcular 402 
ihüradc 

internai 82,366,196 
latéral 396 

t horaco-epigastTk: 396.39® 
thyroid 
facial 364 
infehm 354 
middle 356,364 
supenor 354.356.362 
tibial 

nntenof 256,432 
pcîStrnnf256 r 436 
uln.u 386 
lenebfal 366 
Vena cava, infime* 404 
\4rlt4irar 
allas 36.38.52 
a*js 16,38.52 
cervical 36-38, 52 
cnccygra!4K. 52 
sacralisai ion 50 
fuwd 44 
liiinlvii 42.52 
sacralisai ton 42* 50 
Jumhnsacral transitrnruil 50 
mal tonnai ion* 44 
resi Tuai mti 52 
pmimnem 36 
sacrai 46-ïfc, 52 
lumbari/ation 50 
variants 50 
Ibutât h 40. 52 
Vertébral colimn 16 
nmat mes 62 
joints 58-60 
ligaments 56 
moveiuenEs 62 
Verte* 310 
Viraqjlum 
tireve m 182 
léfigum J 60,182 
Virchows signal node 166 
ViscertxTanium 282, 284, 288; 292 
\tomer282. 294 


Wrist joint 130 
muscle Tunction T72 
régions of 368 


Zona ctbicitlaris lî®. 2ÛO 
Zygion 310 

ZygMnaik bode 282,288.292.29- 


